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PEACTIOAL CONSTEUCTION OF SHIPS. 



CHAPTER I. 

IKTEODUCTION. 

§ 1. To calculate the Areas of Plane Figures. 

1. The area of a triangle ahc (PI, T., fig. 1) is eqasl 
to the bas^ ab multiplied by lialf tlie perpendicular 
height ed= ^ahx cd. 

». The area of a parallelogram abed (PI. I., fig. 9) is 
eqnal to the basis ab multiplied by the perpendicular 
height ef=abxef. 

If ah=be=cd=da, and each angle 90 degrees, the 
figure is a square, aud tlie area equal to ah x bc=ab'. 

;l. The area of n, trapezoid abed (PI. I., fig. 3) where 
ab and cd are parallel, is equal to '''^'^"^ multiplied 

by the perpendicular height ef=— ^ — x ef. 

i. The area of a trapezium abed (PL I., fig. 4)< 
where none of the sides are parallel, is fomid by 
dividing it into two triangle, caloulating the area of 
each triangle separately, and taking the Bum of these 
areas. 
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S PBAOTI0AI. COHSTRUenOH OF SHIPS. 

5. If the diameter of a circle is d and radiaB=r, dis 
=3r, and tlie -area of the circle ^lal to ~^=Trr 

= Y:^=l>^854d',forw=a-14159ii6 . . . or-fff or V 

nearly. 

The penpheT7or circumference of the circle- is equal 
to Trrf=35rr. 

6. If the equation of a curved line is y'=px, the 

area Z is = —-p^xp, and the' exponent ^- ^ 

the exponent ?t is = unity, tlie line is ft straight one, 
andif rt=2, the line is a common parabola. 

7 The area of a plane figure a b c (PI. I., fig. j) 
inchidotl between a ^^li'iiiiflit lino e c, iuid a. fair curved 
line B E AD f, may Lo found in Kevtral svays with suffi- 
cient £ic(!urRcy for all practical purposes. The fallowing 
foniiulii is easily romnnbercd, and is riipablo of giving 
the area as acrnratc as may lie desired. Jlivide the 
straight line v. c into an even number of equal parts — 
for instance, as in fig. 5, 0 parts ; draw through the 
dividing points 1, 9, 3, 4, 5, lines perpendicular to b c. 
Let the lengths of these perpendicular lines, from the 
straight line bo to the curved line bkai>c, hsa&ed 
and t, and the perpendicular distance between tliem 

bem. 'ThftD t&e area is ={4a+2&+4c+S(i+4e) 

and of ilie plane figure I, 8, A&. the acea is =(«+ 
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The more parta that the etrtdght line e c is divided 
into, the more accurate will be the re suit, and the formula 
is always the same ; that is, the perpendiculars or ordi- 
nates are multiphed bj 1— -1—2— i— 2— 4 — 1, begin- 
ningwithl— 4, andeiidiiigwith4 — 1 ; as, for instance, 
ivith 8 ordinates {a+ib+2c+Ad+2e+if+^g+ik+i) 

1' 

If the curved line has a considsrable curvature it is 
necessary to use more ordinates than when the curva- 
ture is only slight, in order to get am acoorate result ; 
and if the curved line in any part has an abrupt cur- 
vature, it ma; be preferable to divide the figure in that 
place into two, and calculate the areas of the' two parts 
separately. 

§ 2, Tof,7id the Cubical Contents of different Bodies. 
1. The solid content of a cnbe whose side is=(i, 

"iS=«r'. 

3. The solid content of a cylinder or prism is equal 
to the area of the basis moK^liel hy Hie pezpen- 
dionlar Iwi^t. 

3. The solid ecmtent of a pyramid or cone is equal 
to jLe area of the basis multipliod b; on«-llurd of Uie 
peipendieitUr height. 

4. The solid, content' of a ball vHioae diameter is 
=d, and radius=r, is =^tP=f7n'. 

The superficial ana of the iMillissvfPsiin'. 

6. ah a (PL I., fig. 6} is an. irsegolar body, cut 
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4 PBAGTIOAI. CONSTRUCTroS OF SHIPS. 

throngh with eqtiidistant parallel planes ab, cd, ef, gh 
and ik, whose areas are equal to a, b, c, d and e, and 
the perpendicular distance between these eqnidist&nt 
planes ia=m. Then tiie solid content of this bod; is 
= (a+4b + 9c + 4d+e) ^. 

It will be observed that tliis formula is tlie same as 
that used for calculating the areas of plane figures 
(5 1, No. 7), only the areas of the sections are here put 
instead of the ordinates. Consequently the same rules 
must here be observed in order to obtain a sufficiently 
correct result. 

§ 3. Tojind the Centre of Gravity of Plane Figures. 

1 The centre of gravity of a triangle ahc (PI. I., 
fig. 7) is found by dividing the two sides ah and he in 
balf in d and e, and drawing the lines ae and cd. The 
{loini/, where these two lines intersect each other, is 
the centre of gravity. 

S. The centre of gravity of a trapezoid d^cd (PL I., 
3)< whose sides ah and cd are parallel, is found in 
the following manner : Divide each of the foni sides 
in half in efg and A, draw the line eg between the 
middles of the two parallel lines and ed, and^the 
linesViI, hh,fd«aA join the intersecting points i and 
k with a straight line, and the point I, where' this line 
intersects the stnught line between the middles of the 
two parallel sides, is the centre of gravity. 

3. In a trapezium ahcd (PI. I., fig. S), when none 
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of the sides are parallel, the centre of gravity is found 
thne: Divide each of the four sides in half in ejg and 
A, draw the straight lines (if, ag, ck and ce, and join the 
intersecting points i and /e with a atriiight line i/c. Draw 
the line hg, bh, de and df, and join the intersecting 
points I and m with a straight line Im. The point n, in 
nrhiob Im intersects ik, is the centre of gravity. 

4. In the piano figure A b c n (PI. I., fig. 10), whose 
area, according to the formula in section 1., No. 7, is 

=(fi+ib+2c+id+e)^. The perpendicular distance 

from the centre i)f gravity to the line ad is= 



g 4. Tojiiid the Centre of Gravity of Solid Bodies.. 

1. In a pyrantid or cone the place of the centre 
of gravity is i of the perpendicular height from the 
basis into a straight line from the apex to the centre 
of gravity of the basis. 

2. In the irregular body ahki <F1. 1., fig. 6), whose 

solid content is (a+4b+3c+4d+e) y (sections. No. 

6), the perpendicular distance from the centre of 
gravity to the plane ah i3= 



3. The bodies a, b, o, whose solid contests are eqtial. 
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A, B and C, are flo utnafed that the centre of gravity of 
A ifl in a, of B in 6, and of c in c (PL I., fig. 11). Sup- 
pose their common centre of grttvity to be in If 
the perpendicular distances ah, bi and ck itom a plane 
fg are known, -the distance dl or the perpendicular 
distance from the common centre of gravity d, to the 

, J. • AXoA+Bxfri+o X eft , 
same plane is = ^^^^^ , always 

under condition that the wei^ts of the bodies A,B,and 
C, are proportional to their solid contents. 

§ 5. Oil the Metacentre and Stability of Floating 
Bodies. 

When a body ABC (PI. I., fig. 12) whose centre of 
gravity is in a is thrown into the water, it will lie 
quiet only when the point a and the oeiiti-e of gravity 
of the displaced water 6 are in the same vertical line 
D c, in such a manner that the distance between iliese 
two points ia the shortest possible. 

If a force, for instance tiie wind in the sails of a 
vessel, acts on the body in a maimer Smt its position 
in the water is altered, so that the line g n (fig. 13) 
becomes the water-line instead of the line e f, th.e 
centre of gravity of the body ia stilt in the same place 
a, but the centre of gravity of the displaced water is 
carried to another place, say to c. If a straight line is 
drawn from c perpendicular to the new water-line e h, 
and produced till it intersects the original vertical line 
0 D in tiie point b, this point B is called the metacentre. 
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When the inetacentre, as in fig. Ir!, is above the 
centre of gravity a of the body, the hotly will have a 
tendency to go baok to its original jiosltioii ; hut if, as 
in fig. 18, PI, I, tiiQ metaccntre ii is helow the centre 
of gravity a of the body, the body will instantly upset 
or roll over on (me of its Bides, without any tendency 
to go back to its former position. Consequently it is 
impoaaible that a body, thrown into the water, can by 
itself, without any extennl enpport, take a position in 
which the metacentre is below the oen-bre of gravity of 
the body. . By this we learc that it is in^spensable 
that a ship shall be so formed and loaded that the 
metacentre under all circumstances comes a consider- 
able distance above the cenii-e of gravity of the stiip. 

Of two floating hodies, whoae solid contents, specific 
gravity, and depth below the water arc tlic same, the 
one that is the broadest at the water-line has its meta- 
centre highest and is the stiffest. 

When two floating bodies are homogeneous and 
homologous, and their breadths are b and h, their 
stabilitii's are to eacli other as to V. If two homo- 
geneous boilios liavc homologous transverse sections, 
but not homologous longitudinal sections, aod their 
lengths are i. and I, and breadths b and h, their 
stabilities are to each other as i. x b' to ( x t'. 

Bytfhis it is seen that it is principally the breadth 
that producus htabilily, and a rough comparison 
betv.-cun sliibilities of two sliips may he made by 
comparing the products of their lengths and cubes of 
their breadths. 
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Of two homogeneoae bodies whose lengths, breadths, 
and depths, and areas of transTerse sectioiis, eonse- 
qnently also the solid contente, are equal, the body 
is the stifiest in which the centre of gravity of the 
displaced water is nearest to the water's surface. 

ABC {PI, I., fig. 1 4) is half the upper or load water- 
line of n, ship, the lines a,b, c,d, e equi-distant and 
perpendicular to the line a b, and the distance between 
them = m. The content ofihe displaced water of the 
ship is B. Then the metacentre for an infinitely small 
angle of inclination or deviation from the upright 
position is above the centre of gravity of the displaced 
ifBter for the part i> s a f, 



a- 



for the whole body. 

If there are more ordinates their coefficients are, as 
before, 1—1-3-4-3-4 . . . 4-1. * 

Supposing that in sliips generally the centre of 
gravity is in the load iviiter-linc, or, in proportion to 
their size, near this water-line, which is nearly true ; 
the distance that the metacentre is [above the load 
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water-line multiplied by the iveiglit of the ship may be 
considered as a, measure of the stability. However, 
this will not hold good for full and deep merclwut 
ships, ill which the centre of gravity necessarily hy tlic 
lading must be brought considerably below the load 
vater-line, that they may acquire the necessary 
stability. * 
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CHAPTER II. 

§ 1. On the Displaeemtnt. 

The volume of water which a ship displaces, when 
I3 ing in undisturbed water, is called the displacement 
of the ship. The weight of the water which the ship 
displaces is equal to the weight of the ship, with every- 
thing that is in it. 

When a drawing for a ship is to he made, it is 
necessary to have the displacement calculated in cubic 
feet. The weight of one cubic foot of aeaTwater may 
be estimated on an average to 64 lbs. avoirdupois, and 
consequently the weight of 35 cubic feet of sea-water 
is equal to one ton. 

When a ship is to be built for a given trade or a 
man-of-war is to carry a certain number of guns of a 
given size ; tlie weight of the cargo that the ship is to 
be able to carry, or the weight of the man-of-war's 
ordnance, men, provisions, stores, stflam- engines, coals, 
rigging, and sails ; in short, the weight of everything 
that is to come into her, is calculated in tons, and to 
this weight is added the weight of the ship's hull. 

It is impossible before a complete drawing is made 
to calculate the weight of the ship's hnll exactly; hnt 
for merchant yessela, in which the weight of the crew, 
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with provisioE3 and sea-stOTes, jb inooiiBiderable in iivo- 
portion to the weight of the htill and cargo, the weight 
of the ship with rigging, sea stores, crew, and provi- 
siona may he found with the necessary degree of 
exactness hy putting the weight of the ship, with every 
thing init, except the cargo =/i., where lis the weight 
of the cargo. To determine the coefficient /, it must 
be observed that a flat-bottomed full yessel will bo 
lighter in proportion to the cargo that she is able to 
carry than a sharp one, and therefore / must he greater 
for sharp than for fiat-bottomed vessels. If the greatest 
breadth. of tlie load water-line is = n, and the depth 
from the load water-liue to tJie rabbat ol the keel is 
= d, B X ci is the area of a parallelogram civcum- 
, scribing the greatest vertical transverse section of the 
ship's immersed body, and the area of tnis transverse 
section may be pnt=nixE Xri. The quantity m deter- 
mioes in a considerable degree the sharpness of the ship's 
body, as will be seen hereafter, and therefore tlie co- 
efficient/ may be put= — . By experience it is found 

that X for all common merchant vessels is = onc-haK 
= 0'5 nearly ; therefore the weight of the vessel, 
with everything in it except the cai^o, is = and 

the whole displacement = L-f ^-^L. 

For uncommonly sharp and strong-built ships, and 
for those destined for long voyages, that are obliged to 
take in a larger stock of prorisions aai eett-stores, « 
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must be put = O'B, and the vbole displacement = . 




Men-of-war are now always provided with BteatQ 
power, greater or leas, according to the speed intended 
to be attained, and therefore' generally built with finer 
lines than most sailing merchant ships ; consequently 
their hulls are heavier in proportion to what they are 
able to carry than the hulls of merchant vessels. If 
the weight of everything that comes into a raan-of-war 
(except masts, spai's, rigging, sails, and sea-stores), 
such as guns with carriages, ammunition with gunners' 
stores, crew with water and provisions, steam-engines 
ivith boilers, water in boilers and coals, and ballast, 
if the ship is to have any, is culled s, the wciglit of 
the ship's hull maybe put equal to from VZo s to I'j s, 
according to the intended sharpness of the ship : liJj 3 
to be used when the ship is to be rather full for a 
man-of-war, and 1*5 s when it is to be very sharp or 
is to have very fine lines. Tbc weight of the masts, 
spars, rigging, sails, anchors, cables, boats, boatswains' 
and carpenters' stores, will, in ships with the largest 
steam power, be neai'ly equal to O'l 8, and in ships with 
R small auxiliary steam power about 0'8 s. The whole 
displacement will, therefore, befrom B-l-l'36a-f O'l S to 
sH-l-ri B + O-3 S. 

The displacement calculated in this manner in tons, 
multiplied by 35, gives the displacement in cubic feet. 
This displacement is considered to be on the timbers 
or &ameB without the planking, for the specific gntTitj 
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of the planking witli bolts and copper sheathing will 
be nearly the same as of sea-water. Still the displace- 
ment calculated in this manner will only come near 
to ivliat it actually will he, in consequence of the 
uncertainty in the supposed weight of the hull and 
rigging, and it is, therefore, necessary, when tlie 
principal dimensions of the ship arc oaiculated, to 
compare the displacement witli that of ships of similar 
dimensions, already built of the same description of 
materials. Tliis comparison will decide if any altera- 
tions arc to be made in the supposed weight of the 
hiill, rigging, and consequently also in the calcu- 
lated dimensions. * 

The displacement of merchant vessels with steaia 
power, intended chiefly to carry goods, may be calcu- 
lated in the same mauner as for sailinfj-vessels, only 
it is to be observed that the weight of the steam-engine 
with hoilers, water in boilers and coals must be added 
to the weight of the cargo that the sliip is intended 
to carry, and the sum of these weights considered as 
tiie weight of the cargo for whitli the ship is to be 
fionstructed. 

Steam-ships for passengers, built ivith fine lines to 
obtain great speed, are something heavier, and their 
hulls will be nearly of the same weight as of that which 
the ship is intended to carry, engines, coal, passengers, 
and everything included. 

These rules will hold good for sea-going vessels 
built of oak. Iron ships will be from 10 to 16 percent. 
Hghter, and iiTer Bteam-boats still lighter. 
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If it is desii-able to know the draught of water of 
such vessels accurately beforehaud, as it may be for 
some river boats, the drawing must be jnade up com- 
plete, and then the weight of the hull calculated 
according to the materials iuteuded to be used and 
their dimensioDB, (Old thereafter Buch alterationB made 
as may be fomkl neoesauy io procure like required 
displacement. 

For the calculation- of the displaoement for a men- 
of-war, the following will be useful. 



Odo 63-poiinder gnu of 95 owt., -with 160 diB^ea, oarriago 

The same nith al4||^iirt«iani]ea but only 80 ohugos , , IChO „ 

OneS-iiidi guuof S5cwt. withSOcboi'gesiiidappiurtemiifM T'S » 

One 32'pDiiiidet of G6 cvt. „ „ » » fl"*} 

„ B2 „ 46 „ „ „ „ „ B-2i „ 

„ 83 „ to „ ,. „ „ *-T „ 

One man with olothCB nad other articles .... O'll „ 
Frorisiosa with tare and coals for coaking fw one mui for 

onemontli 0-Of „ 

Wrter with ttm for tm* man for ona month . , . O-li „ 
StemMB^ecnUh beiler^vatsrin bolkn, ooal-lxag^ ind 

BtoreB per Dominal home-poneE , D-fl „ 

Coala for one uominsl hoise-pover in S4 honrs . > . 0'15 „ 



Ballast for sailing- vessels as follows : 
For brigs and sloops two and a half tlie weight of 
the guns. 

For iVigatr-s tivice tlie weight of the guns. 

For Hue -of- bat tie ships one and tliree -quarters the 
weight of the guns. 

For men-of-war with steam power half the weight 
of the engines with boilers and w&ter in boilers, or more 
may be dedncied from Uie ballast as £xed above. 
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Ships with full steam power do not ref[niue ballast for 
the sake of stability, but they may i;e.c[uire a small 
quantity for trimming tbe ship. 

For line-of-battle ships and frigates the complement 
of men may be calculated as follows : — 

For each 68 pmiu.ler df fwt. as a p^vot gnn . 10 men. 

„ 32-poiindcr of 56 cwt. „ „ . 10 „ 

33 „ iS „ „ „ . 8 „ 

For fhe eDgice-niom nhea tha nomiiiBl Imnfr-pcnrar Ifl = H 
«'204t H"« 

The nnmbec of men calcnlated in tliie way inclndes 
aH the officers and petty officers. 

The number of men may also be calculated as 
foDowe: — 

To serve the gona one man for ereiy 10 cwt. of the 
whole number of gnns. 

For the engine-room and coal-boxes aa above : 
0-2041 H*-" 

For all other eervice one man for every 7 to 8 cwt 
of the guns. 

The number of men for merchant vessels may be 



as follows : — 








Cargo [n Tung. 








IS . . 


, 3 


300 . 




50 . 




100 . 




go . . 




GDO , 


. . 20 


40 . 


e 


«oe . 


. . H 


SO . 


. e 


8H . 


. 23 


100 . 


. s 


1000 . 


. 32 


160 . . 


9 


leoo . 


. «S 


so« . 


. 11 


3000 . 


. . <0 
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§ 2, On the Qualilies of Ships. 

a. Merchant Ships. — Merchant ships are desigued 
to carry goods from oue phice to another across the 
sea. Their size iis well as their qualities must there- 
fore be different, partly aceording to flic uiercliandise 
they are to carry, and pui'tly according to the nature 
of tJie seas in which tliey are to iiayigate ; but generally 
a mercliant ^'esscl should have the following qualities : 

1. To ^^iiil v.-cU, espuciidiy hy tliu wind, in order to 
be nble to hf.tt off a. coast wliDro it may he embayed, 
and also to come about well iii a hollow sea. 

&. To be able to sail with a small quantity of ballast. 

3. To work with a crew small in number in pro- 
portion to its cai'go. 

ihe two first nu;ihties can be obtained by giving the 
ship eieat leiiL'Lli and breadth in proportion to its 
displacement and a small depth to the bilge in pro- 
portion to- the breadth i but snch a vessel requires 
large sails and heavy anchors, and consequently a great 
complement of men. The third quality can only be 
attained hv making tlie ship short, narrow and dtep, in 
proportion to its displacement; but a ship constructed 
in this manner mav not be able to move through the 
water with tlie necessary velocity, neither close-hauled 
nor with the wmd abaft the "beam. It may, therefore, 
happen to come into danger, and perhaps be lost for 
waQt.of good Bailing qnalities. altboagh it will cany a 
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great cargo in proportion to the e^ense for the crew 

and for wear anil tear. 

As the third condition is in a complete opposition 
to the two first couilitions, and as the ship must he able 
to sail with the necessary degree of safety across the 
seas, it follows that a merchant vessel, to be as profit- 
able iis possible to its owner, cannot poBsesfl the very 
best sailing qualities obtainable. 

The vessel that will cany the Iieavlest carffo witb 
the least expense, and still witb a iiiifiitient dt'^;ree of 
safety from one place to another, will ansn er tlie 
purpose best. Theoretically to determine the best 
proportion between the displacement, length, bi'eadth, 
and depth, is therefore impossible ; bat tlie proportions 
adopted after a practice of more than a couple of 
thousand years will bo tlie best guide. It is found 
tbat tlie lengtb of sailing vessels varies between three 
and four times the breadth: in later times, in order 
to gain a greater velocity the length bus been made 
as much as six times the breadth, but it is doubtful 
if these very long ships will answer except under 
particular circumstances, and if not, this proportion 
will not be generally adopted. Tbe depth from the 
load water-line to the rabbat of the keel varies between 
one-half and one-third of the breadth. The larger the 
ships are, the longer and deeper tliey are in proportion 
to the breadth ; and this is theoretically correct, though 
it is certain enough that practice alone has giveu these 
proportions to the ships. A proportion between length, 
breadth, and depth, that in all cases will be better than 
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every othor proportion is not to be found, and we also 
learn from practice tliat two ships of the same dia- j 
placement may be very different in regard- to tiie 
proportions between length, hreadtli, and depth, and 
still both be good sea-boats and swift-sailing vessels. 
The proportions between these three chief dimensions 
are therefore not of very great consequence when they 
are not carried to extremes, and it may only be alleged 
as deduced from practice : 

1. That the length ouglit to be greater in proportion 
to the breadth in large than in small vessels. 

2. That the breadth mny be between one-third and 
one-fourth of tlio ki)<^(.li, uiid in some particular cases 
as little as oue-sixtli of the length. 

8. And the depth from the hiad water-line to the 
rabbat of the keel from one-lialf of tlie breadth in the 
largest ships to onc-tliird of the hreadtli in the smnllest- 

01' mure confjequcnce than Ihr^i; jiroportions, when 
they ai'e not earned to extrehu-^, is iiun-e or less ful- 
ness of bottom, Jiaving more iiiflucnci: on the chip's 
qualities, boLli in regurd to sailing quulitios and tonnage 
in proportion to the number of the crew. 

If very good sailing qualities are rtrjiiired the ship's 
bottom must be fchfii'p, with fine lincn foiwarJ and aft. 
In this iiSii-.c the hull will be heavy in proportiitn to the 
weight it will be able to i:ai-ry ; and to gtit the displace- 
ment tba.t is ncceswary for the intended cargo, the ship 
niustbe given a greater length, breadth, and depth than 
needed in case of the bottom being more full or Sat, 
whereby fihe, of course, will J>e more expensive to build, 
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will require krger suls and^^shon, conseqaentiy also 
a greater complemrait of men, whidi altogeth^ are 
circumstanceB un&Tonrable to the owner. If the 
bottom is made more fiat ox iiiller towards the 
extremities she will, with lees length, breadth, and 
depth, carry the same load, stie will.be leas expensive 
to build, require a smaller number of men to work ^er, 
and be more profitable to ber owner ; but she will lose 
something of her good scaling qualities. By making her 
too fall she may lose so much of ber sailing qualities 
that she will be unable to sail with safety except in fine 
weather. It will therefore generally be advantageous 
for the owner to be satisfied with a good deal less than 
the best sailing qualities that maybe obtained by a 
vessel of a given displacement. 

In determining tbe fulness of the bottom, the -natare 
of the seas in which the ship is to navigvte, as well bs the 
notore of the cargo that she generally is to carry, must 
be taken into consideration; for a ship designed to 
cany merchiuidise of great value that will bear a heavy 
freight, orperisbable goods, as, for instance, fruit, may 
with advantage be made sharper tbon a vessel designed 
to cany goods of small value in proportion to weight 
and volnme, such as, far instance, timber and deal. 
Likewise vessels that often shall have to cruise 
against the trade-winds must have better sailing 
qualities than are necessary for ot^er ships, that 
are not commonly exposed to encounter such 
impedimenta. 

To determine the fulness of the ship's body, we 
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must resort to experienqH altliough this does not ^ve 
any other mles than that tlie larger ships may be 
made more foil than the small ones designed for the 
same trade, and still retain saffidently good sailing 
qualities. In what manner the fulness of the hottom 
joay be determined befo'l^ the drawing is made up will 
be shown in the foUomng pages ; but as no fixed mles 
can be ^ven for determining the qnantity that infia- 
ences the fulness of the ship's bottom, it must be 
left enlarely to the constmctor's own experience and 
judgment to determine this quantity. 

Merchant ships provided with steam power may he 
made longer and narrower than sailing vessels, because 
their maDcenvres do not in narrow seas depend on the 
sails, and because they by this measure will obttun 
greater speed for the steam power alone. 

Steam-ships intended chiefly for passengers are 
generally built still more long in proportion to tlieir 
breadth, but for sea-going vessels it is probably most 
advantt^eons never to letthe length exceed eight times 
the breadtli. 

6. Men-of-War. — By the building of men-of-war the 
expenses are only a secondary consideration, in so far 
as it will always he the best pMi to make them the 
most effective iighting ships, the, best sea-boats, and 
the swiftest-going vessels that circumstances will 
admit. As it is impossible to make them to cany 
coals for a long time, they must be able to sail ftt least 
tolerably well, and therefore they cannot be withont 
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sails of a certain magnitude ; and as they are to oaiTy 
giin3, generally large ones, their breadth cannot be 
limited to that extent as in many other steam-ahips. 
From this it follows that their speed for steam alone 
hardly will be brought to the extent attainable in 
steam-ships intended only to carry paBBengers on given 
predetermined and short distances. 

In men-of-wai-, with the greatest steam power until 
this time procured for such ships, the length has not 
been made more than six times the breadth, and 
generally the length is found to he between four and 
fire times the breadth. Here, as with merchant BMps, 
it is experience alone that at last will fix the propOT- 
fion between length and breadth; bnt it seems not 
likely that the length of men-of-war, as sea-going 
vessels, at any time with advantage will be made 
greater in proportion to the breadth than already now 
practised in the longest ships. The depth i^m the 
load water-line to the rabbat of the keel is, in sea-going 
men-of-war, found to be a little less than fonr-tenths of 
the m(un breadth in small vesBels, and a little more 
than four-tenths of the main breadth in the largest 
ships ; and this, with Bo very few exceptions, that there 
is every reason to believe that this proportion by experi' 
enee is found t» be the best. Nevertheless, it may be 
remarked, that for small vessels, when a light draught 
of water is desired, the depth has often been made less 
(about one-third of the breadth) without any serious 
loss in the good qualities of the ship. The smaller 
depth will affect her ability to hold a good wind under 
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3ail, tut a Bmall vessel is often built expressly to sail 
where there ia eliaUow water, and then the light 
draught of wMer ie of more consequence than the 
weatherlf qualities. 
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CHAPTER III. 

Fi-om the Displacement to .find the Length, Breadtit, 
Depth, and other Elements of Construction. 

To calculate the elements of construe Hon, wben tlie 
clisplacement is detennineil, may be done m different 
ways ; but the most simple that will ensure good qua- 
lities to the sbip ought naturally to be preferred, and 
the following method is probably the best hitherto 
invented. It ivas invented by the Swedish Admiral, 
Chapman, and by him called the parabolic system of 
conetrncting ships. It rests on the following facts ; — 

If the areas of the vertical transverse sections of a 
ship's body below the load water-line are calculated 
and divided by the greatest breadth of the load water- 
line, and the quotients according to scale applied on 
tlie drawing of the ship on their respective stations from 
the load water-line downwards, there will be got points 
through which a fair curved line may be drawn. This 
curved line is called the curve of sections. This curve of 
sections will be found to be convex against the water 
line at both ends ; but if it is allowed to ran fair from 
the middle of the ship until it intersects &awBter-line, 
tiles? intersections will always be fbnnd to be s small 
distance inside the rabb4ts of tiie stem and stera-post. 
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This distance is generally rather greater forward than 
aft. The carve of sections constructed in this manner 
is yery often found to agree tolerably well, and in many 
instances almost exactly with a parabolic line whose 
exponent is y"=px, and whose apex lies in the greatisst 
section or midship -aecti on, A great number of draw- 
ings of ships already huilt, and whose qualities have 
been linoivn, iiaro been cKamined, and it is thereby 
ascci'tflined that tlio ships in which, the line of sections 
agreed mn^t accurately with a parabolic line invariably 
bore excellent characters. 

The exponent of tliia curve is found to Tiiry from 
1-8 to 2 8, according to the fineness of the sliip's ends 
in proportion to the midship -section, and is ffeuerally 
fomid to be greater in large s>h i 1 11 
The parabolie system of consl I 1 i 1 f i 
these facts cannot theoretically be proved better than 
other g;'stenis; but on the following reasons it is 
tlionght preferable to all other methodB until this time 
published ; — 

1. It may be said to be derived from experiments 
made ^\itli s]iips actually built and of diiferent descrip- 
tions, and therefore it ensures that the sliip with a 
certain fulness of bottom BhtQl obtun tbe best possible 
qualities in regard to good sdling and easiness in a 
sea-way. 

9. It is possible by this system of construction, 
without any great trouble, to make up a drawing for a 
ship exactly to a predetermined displacement, and in a 
manner that tbe centre of gravity of displacement 
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shall come exactly in the place according to the ship's 
length that is thought moat favourable for good steer- 
ing, mantsuvring, and stowage, which is of great 
conseqaence. 

3. It is easy of ftpplication, and gives every desirable 
opportunity to vary the form of the ship's body 
according to the views of the constructor. 

Although the exponent of the curve of sections varies 
considerably in different ships, it may, for all sailing 
merchantmen, be taken to be 2'5, and only when a ship 
is to be very large, a greater exponent, for instance 
S'6, can be recommended. If the principal point is to 
olitain more than ordinary good sailing qualities, the 
exponent of the line of section ought to be taken less 
than S'd, say- from S to S'8, according to the ^ze of 
the ship. 

For men-of-war and steamers it may he laid down 
as a general rule that the exponent of the line of 
sections is to be from 2 to S'3, so that for a dkplace- 
ment of 6000 cabio feet or less the exponent is to be 
3 or a-1 ; for a displacement from 5000 to 10,000 cubic 
feet the exponent is to he S'l ari'i; and for a displace- 
ment greater than 16,000 cubic feet, the exponmt'of 
the line of sections may be Q'S or 3-3. 

The load water-line or first water-line is that line 
to which the ship with propriety may be loaded, and 
its length is calculated from the inside of the rabhat of 
the stem to the inside of the rahbat of the stem-post. 
Tfarongh these points on the drawing are drawn lines 
perpendionlar to the water-line, and tlierefrom £he 



Digitized by GoOgle 



2G PRACTICAL CONSTRDCnON OP SHIPS. 

expression, "length between the perpendiculars." Not 
nli tlic cauatriictors of Hliips dnnv the perpendiculars 
tliroiigli these points, but iu this book it is always by 
this ('xpiTssion midoi'stoocl tli(> l(-iigtli of the load 
■n-nter-hnc from tho iii&ide of the nibbat of the stem to 
the inside of the rabbat of the stern-post. 

As before mentioned, the parabola that coincides 
for the greatest length witli the line of sections, 
intersects tlie loail wiiter-line r. littlo on the inside 
of the perpendiculars, and the length of that part 
of the water-line which lies between the two points 
in ivhich the parabola intersects the load water-line, 
is called the length of tlie construction water-Une. It 
is found that the difference between the length of the 
construction water-line and the length between the 
perpendiculars for all sailing ships, and vessels of nil 
sizes, may be put=2'r) feet, of which one foot is added 
to the length of tl:e construction water-line abaft and 
feet forward. For iTien-of-war and steamers tliia 
difference ought to be greater, say from 4 to 10 feet; 
and particularly in screw steamers it will be found 
Lecessary to make the addition to the length of the 
constraotion wftter-line gre&ter abaft;, to obtain free 
access of the water to Urn screw propeller. How i»xga 
Has addition shall be will depend upon llie size of the 
pr(^eller. 

When the displacement is found according to tbe 
rules given in Chapter 11., it is the number of cahio 
feet coutiuned in that part of the ship's body whiah is 
below the load water-<Uiie, the plankiDg, 8tain,.8faa- 
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post, and keeJ not included, and is therefore called the 
tlisplacement on the timbers. I'ut this displacement 
= D, the exponent of tlic f^aid iiaviibiJit or curve of 
sections = i!, the length bntwcfii t'.ir jKriiencIiculiirs = L, 
and the length of the consUuction water-hue = I. 
Then is, for sailing-vessels, l=;+9T>, and for men- 
of-war and steamers, L=Z + a certain distance. Put 
the breadth on the timbei's in the loud water-line at 
the greatest transverse Kcc^tiou, or what is calkd the 
niidahip section t=ji, and the abscissa of the eui-ye of 
sections on the midship section, that is, the area of the 
midship Bection divided by B,=h. Then the area of 

the curve of sections is= -Ih, the displacement =d 

n+l 

= ~-jlxih, and the area of the midship section is 

= n/t. Put the depth from the load water-line to the 
upper edge of the rahbat of the keel on the midship 
section=(Z, and then the area of the midship sectioD 
may be put=mit(Z ; where m is always less than unity, 
and shows tlie proportion between the area of the mid- 
ship section and that of the circumscribed paiallelo- 
gram, in which one side is=B, and the othet=rf. 

As before mentioned, the breadth is not in aH sailing 
vessels to be in the same proportion to the length, and 
therefore the breadtli=B maybe put=jii'. In a like 
manner the depth d may be put=i;B', by which d is 
found=^j3'i", and if kp' is put=t) and vr=x, d i&=ol'. 

The area of the midship seetion=(^ is=B&=mB<2, 
and when the valnsa <d s and d, fin. pP and oJ*, are 

0 2 
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mhstitate^, ift is=&h=m op I'*'. This equation mnlU- 

plied liy ^^'> gives -^^Wi,orii=-^^-^mopV*'*^. (a.) 

By comj^avison of n great number of ships it is 
found that for all Bailing merchantmen v may be =0'8 
andjp=0-7, x=l an.da=i, bywliicli i! will be =0'7i'-' 
andd=Jt v+x+l=0-8 + l + l = 2-S,-~-^op = ''^ x 

When the'^'alaes of J^TJTJOP and of ti+ii;+l«re sub"- 
aiituted in the equation a, it gives a=mX-^',KadL 
therefore —X 16 XDs!* '. The length of the constnic- 

tion water-line is then found=i=(i)'^ x 16"^ x d^' 

=(i)^xS-6918 X D^. 

By tills cfiiiation we biive the length of the construe- 
lion water-line nhen m is determined, and then the 
following dimensions, viz ; — 

The breadth=B = 0 7i°". 
The depth=(?.=g!. 
The length between the perpendiculars =i,=i+2-5. 
The area of the midship section =^=BA=:mBA 
The abscissa of the curve of sections on the midship 

section =h=^=md. 

It is now seen that tlie coefficieiitijt must be deter- 
mined before any other dimensions can be calculated, 
and that this same coef&oient alone regulates tiie ful- 
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ness of the bottom for all merchant ships not intended 
to lisive steam power. The said coefficient may vary 
between 0^5 and l^O, but it seldom reaches these extre- 
jiiities. In ships designed for tlie same trade it may be 
greater for the large than for the small ones, so that 
for a common merchantman, whose displacement is from 
35,000 to 30,000 cubic feet, m may properly be from 
O-e-i to 0-80; while in a merchantman whose displace- 
ment is only 4000 to 5000 cubic feet, it ought not to 
be larger tlma 0'75. Tlie constructor must determine 
upon this quantity according to his own jadgiuent 
and experience. 
For men-of-war and o&er steam-ehips the calculated 

displacement Ib aa before =i>=^^--^7nliid (b). 

We may here put b = - and d — /iB = — . By snbsti- 

tnting these values of b and d for b, ^ and d in tlie 

equation fs) we have »= ■ - " • "r . i'orD="^^^^^ii^and 
{n + l)p 11+ 1 

consequently I =^ ~n'mk — ^"'^ "nm'pk ' 

By iixing u, m, p and /.■, according to circumstances, 
I or B may be first found, nnii thereafter d and 'j>, or tlie 
area of the midsliip section. 

For thrafrdecked ehipap m;iybcftc>m 4 to 4 ij nuLi i from 0-U to 0-43 
For line-of-battle sbipe p ., „ i-5 „ 5 „ & ., 0 4 „ 0 42 

. For fiigates . . p „ „ 15 „ 6 „ k „ 0 4 „ O'lS 

For fluah-iitcked ships p „ „ 5 „ 6a „ i „ O'ST „ <yi 

For steam-boats, intended for goods and passengers 
only, p maybe greater and h lees than for men-of-war ; 
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and for river boats p is Bometiiaes made as gceat as ID, 

and k as small as 0"]. 

When the length of a ship or vessel is move than 
three and a half or four times the breadth, it is gene- 
rally advantageous to make a part of her in the middle 
of the length such that the greatest transverse section 
or midship sectioa is unaltered for the whole length of 
this part. As the sides of the ship in this part are 
pm-allel, I will call this part a parallel piece. If I is= 
pii as before, end p greater than 4, the length of the 
parallel piece may be=I — 4b=jib — ia=(p — 4) b. The 
displacement of the pandlel piece =d" is tliena(p— 4) 
s^. The dUpla«emeut of tbe fcure and after part^D' 
will be j^-j-^iBiJ), and the whole displacement— D—s' 

+ ^"=(-7^]; + J"— (^pi '^P — ■t)mfa', Rnd B= 

'J] ' 



y^^r^+p~i)mk; the letters Bignifying the «me 

as ahove. This process will, witb the same ji, m, p and 
h, give a smaller and consequently lighter hull, and a 
smaller midship section, which, as the resistance of 
the water against the ship's body chiefly depends on 
the area of this section, very Iil;ely will produce a 
greater speed for steam alone ; at ttif^ same time 
lessening the building expenses, find, a^ fiir as my 
experience goes, ensuring easier motions in a rough sea. 

After the leDgth, breadth, and depth are calculated, 
tiie idace of the midship se«tioa ia regard to the 
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length must bo dotci-miiicd upon. As tliia tlrpends 
upon where it is Ihoiifrht proper to have the centre of 
gravity of the displacement, it is necessary that the 
plaoe of this eeiitre ivith regard to the length is fixed. 
For the manageniput of s;iihng-ships it would be the 
hest to have the centre of gravity in the middle of the 
length between the perpendiculars, trnt as the anchors, 
bowsprit, and foremast, with their spars and rigging, are 
considerable weights in the forepart of the ship, and 
the cabin, &:c., lake aivay a considerable room abaft 
from the part of the ship that can be loaded, it is im- 
poseible so to construct a ship tliat the centre of gravity 
fibail come in the middle of the length, without making 
it necessary to take on board a quantity of ballast, 
only to counterbalance the weight of the anchors, bow- 
sprit, and fore-rigging. Such ballast is a dead weight, 
taking away part of the hold, that should be used, 
exclusively for tlie lading ; and as it is of consequence 
in a merchantman, into a ship of a given displacement, 
to be able to stow the greatest possible quantity of 
goods, it is found more advantageous to construct the 
ship so that the centre of gravitv shall come a small 
distance before the middle of the length when the ship 
is loaded to tlie load water-line. By this means all 
ballast, except is-Iiat ivith certain descriptions of cargo 
may be necessary to ensure stability, is dispensed with. 
In ships built at different times and at different 
places, the distance between the vertical through the 
centre of gravity of the displacement and the middle 
<^ the length of the loftd water-line is foond to Tory 



Digitized by GoOgle 



39 rnACiTicif. cos'stritction of sinrs. 



considerablv. In 


. some sliips the 




tre c 


.f gravity is 


found to bp ill >o lit 


i tl 1 1 




fir- 


1 I t 


line, : 


DiiL of the Mil 


,w 1. 




1 h 


middl 1 
Lest ( 


lie ivater-Iii:e ; b 
uti-e of gl-iuity i 


A. .1 
-f til 


cdur 
e di 


cd u'om the 
sphicemtiit. 








1 


iropcrly be 


pliiee 1 — t tl 


I tl 1 t 


the 




jendiculai-s, 


that 


b 111 


>f th 




1 h 


Now, tl 1 


i of ships the ii 


Liddl 


e of 


the lenL'tb 


between tlie iier 


peiidicuki's is C 




feet 


before th(- 


middle of the k 


;nirth of the cor 


istru 


.ctioE 


I water-line 


(see the foregoin 


g); and coQsec[n 
! verLioal passing 


■eutly th( 


3 centre of 
the middle 


grayitv before tli( 
of the constnietio 


n water-line l 


i-ir 


25. 


If n is the 


exponent of the ii 


ne of sections, the mid 




section will 


come before the 


centre of gravity 


^L4-0'25)(«-H) 


and before the middle of the construction water-line 


V-„-i. + 0'25 + [-',rL 


+ 0-30) (<t+l) = (- 






It is proved bj eKpcrieiiee, to a 


tolerabh 





certainty, that theft is a sharpness of Uie after-body 
more advantageous for speed than any other, bnt also 
that a small deviation from this ahni-pness does not 
perceptibly affect the velocity. By the common pro- 
portion between length and breadth in sailing-vessels, 
tliis sharpness will he obtained very nearly by follow- 
ing the rules given above; and with a iliffL-rent jiropor- 
tion between lengtli and bremlth, but witli Uic comnuui 
proportion between breadth luid dt^ptli, the probably 
most advantageous sharpness of the after-body will be 
acquired by placing the midship section about twice 
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tbe main breadth before tlie after-end of the con- 
struction water-line. If tbe depth is less than general 
in proportion to the breadth, the midship section comes 
nearer the after-end of the constniction water-line ; 
sometimes so near as 1'5 limes the main' breadth, 
likewise it is certain Uiat with a given area of midship 
section, the resistance of the fore-body will be dimi- 
nished in some proportion to the fineness of the 
lines forward. "When, therefore, the length is more 
than four times the brendth, the resistance of the water 
will be less when the greatest transverse section is 
placed abaft the middle of the load water-line, and 
consequently also the centre of gravity abaft the middle 
of the same water-line. The centre of gravity maj-, 
however, be brought farther forward by giving the ship 
a parallel piece in the middle ; and this proceeding has 
also other advantages, as before mentioned. 
If the length of the constmotion water-line is i, the 

length of the parallel piece — , the distance that the 

centre of gravity shall be before the middle of tha 
eonstouction watei^liue z, and the exponent of the line 
of sections for the fore and after-body n, the middle 
of the parallel piece will be before the centre of gravity 

"^^^^^ "> middle of the parallel piece 

before the middle of the conatmcdon water-line 
(CT»-H)(ft+a) ^ ^ ^ inEnitely great, that is, 

- =s 0, there is no parallel piece, and we have (» -H) « 
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and (n+3) s, as tibon (n b«iiig = ,'7 i.+0-Sd for 
merchant vessels). 

Tlie displacement iB = ii= ^ <}>+ ^ ^ ~ 

In steam-ships, not intended to use sails except as 
an auxiliary poirer, it is not of any great conae^oenoe 
to get the centre of gravity in a certain place with 
regard to the length of the ship, and therefore the 
greatest transverse section may be placed aboiit twice 
the main breadth from the after-end of the construc- 
tion water-linet and the distance <f of the centre of 
gravity from the middle of the length of the conatme- 
tion water-line may be found by the formula above. 

In order that a suling-vessel shall not be too 
weatherly or ardent, or what amomits to ihe same, not 
require too large fore-sails, it is necessary to constract 
her to draw more water abaft than forward. Experience 
tells ns that this difference of dran^t of water pro- 
portionally must be greater in a small vessel than in a 
larjp one, and therefore it may ha as well to make the 
difference of draught <^ water forward and aft the same 
for all Buling-T»»ela, viz., I'Sfi feet. When ibs 
distance between the midship section and tbe middl« 
of the length between the perpendionlara is c, and the 
difference of draught of water is k, the distance fr^a 
the load water-line to the upper edge of the rabbat of 
the keel on the aftermost perpendicular is = il -I- 
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+ ~, and on the foremost perpendicular = d — 
k kc 

L being the length between the peipen- 

dieaUrs, and d the depth from the load water-line to 
tho upper edge of the n^bat the keel on the 
midahip sectuat. 

The rake of the stem-post boa the load water-line 
to the rabbat of the keel may, on vessek of all sizes, 
be 1 looi, and the rake of the stem from the load water* 
line to the rabbat of the keel equal to one-fourth of 
itt6 jaain breadth=iB. Some constructors think it 
better to give the stem less rake : it seems to have 
very litUe influence on the ^p's qualities, and may be 
flonaidered as a matter of taate. 

The fwe part of the water-line from the midship 
section to {he stem may, in sailing-Teeselfi, be made a 
parabolic line, whose expcment is I'Sl^r. where h is 
tlic abscissa of the line of sections on the midship 
di 

section =—. 

B 

The breadth, depth, and area of the midship section 
is already found, bat it will easily be nnd^tood that 
with these calonlated elements the midship sectitm mi^ 
still be giren very different forms, and tiie limitti for 
these, with a i^ven area, breadth and depthf may be 
seal (PL L, fig. It) by ^Le'two figure abed and 
aitfg, botii of which have the same area, breadth, 
and depth. The stability of the E^p, considwed with- 
oni regard to tbe stowage of tiie cargo, depends chiefly 
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on the form of the hody helow the load vater-Iiae ; 
oad as the foria of the midship section to a certain 
degree regulates the forms of all the other transverse 
sections, it is of great consequence in sailing-ships to 
give the midship section the shape that will contribute 
the most to the stability of the ship, that the sails may 
be made snfficiently lai^e to give the ship good sidling 
qoalities. When the cargo is stowed on judicious 
principles, it is not to be feared that the ship shall be 
too stiff, although it may have heavy goods on board, 
as for instance salt or iron ; and with light goods on 
board, the stability will not be greater than necessary, 
when the proportions hereafter given are applied to the 
' constmction of the midship section. In steam-ships 
that are given small sails in proportion to the dimen' 
sions of the hnll, it may be advisable to give the ship's 
body below the load water-line a form that will make 
the ship less stiff, in order that her motions in a rough 
sea shall not be uneasy. - 

In the figtire a b efg (PI, I., fig. 16), the centre of 
gravity is considerably nearer the line ab, that is to 
represent the water-line, than in the figure abed, and 
couseqiienUy the figure a b efg will give the greatest 
stability. In sailing-ships, tlierefore, the form of the 
midship section ought to partake as mnch as possible 
of this form. The breadth of the water-line is &e 
ohief dimension on which the stabihty depends ; and 
that a ship may not lose too mach of her stability 
when obliged to sail with less than full cai^o, or with 
ballast alone, the main breadth ought to be costitiaed 
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a distance below the load water-]ine, and in this 
lespect ako the figure abef g is superior to others. 
Still it follows that the centre of gra^ty of the cargo 
will come a little higher when the figure a b efg is 
adopted for the midship sectioB than when the figure 
ab c dis used, and hy this circumstance a little of 
tbe stability gtuned by the adopted form of the midship 
section will be lost ; hut this loss is not considerable ; 
so that, of two ehipB of the same principal dimensions, 
displacement, and area of midship section, but with- 
different forms of this section, the one whose midship 
section coincides the nearest with the ^ure a h efg, is 
decidedly the stifEest. 

The height firom the load water-line to the deck at 
the lowest part of the ship may, with propriety in 
common merchant shipi?, be = 0'04J4-1 b''*", where b is 
the midn breadth as before, Iti clippers, this height 
may be a little less. 

In men-of-war, the heiglit from the load water -line 
to the lower portsill niay be : for three-decked ships 
= for line-of-bflttle ships = ~, for frigates — ^ 

to^, and for sloops, or flush-decketl ships 7- 
In Email steamers intended for passengers, the height 
from the load water-line to the deck may be =o7f.' 




When, in the general equation of a parabolic line y " 
sspx, the exponent n is ^ren the values I — I'l — 
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I'S, and BO on to 8, y the values fcom I to 10, uid^ 
alirajB (tnclt a value that xia = l when ^ k =a 10 ; ^ 
di&rent values of x are foimd as put down in the 
following table : — 



0168 0-01 aeo-oi 

0 01 

iHiio-inislo-oa 



s .Q-9 0-S901 0-sao: o-sm iJ'ee2T o-seaa o-siislo-asso O'ssrsio-si 























a 

3 

s 
e 
1 

8 
9 
10 


0-0079 O'OOfiS 0-0 OS 0 0 0010 
0-08110'02900-02460'0210 
0'079S0'O70T0-O627O-05GB 
01*80 0-1332 0-1215 0-1109 
0-2Bi8l)'SlTSO-2O31'O-lS91 
l)'BiaiO-32SOO-30SS 0-2935 
0-iY28 0-4662 0'*tOS,0-4248 


1 

s a: 

)-01780-015i 
0 01930-0437 
0-1010 0-0928 
0-1708 0-1660 
0-2788 0-2660 
0-4100,0-3956 

S'TesijO'Teo* 


0-001 

)-027 
0061 
0-125 
0-216 
0-343 

0-72B 


1-0003 

)-014J 
0-0 i05 
0-0834 
0-1673 
0-2870 

s-asif 


0-0625 
0-1296 
0-2401 

O'SSfil 


■" 

1-0 IS-: 

0-1002 
0-3008 
0-3664 


I'OOOO 

)-(H)24 

)0313 
0-0778 

0-1 am 

0-S277 


*-000T 1 

u-0011 ' 
ooiaa 

0-0467 
0-1176 
D-2S21 
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By help of this table the figare 16, Plate 11., is con- 
straoted in the following maoner. The line a b is, 
according to scale divided after the exponent, bo that 
Al'S is = 1*5, A3 is = S, aS-0, is = 3*6 and so on. 
The lines a o and b d are drawn perpendicular to A b, 
and each of them made equal to unity, according to a 
scale on irhlch may be measured thousand parts. 
Join c and d with a strfught line and draw the lines 
through the divisions, 1'5, 2, 9'5, &c. parallel to A c and 
B D. On these parallel lines apply the ordinates a; in 
the table, the ordinates for the exponent 1-5 on the 
line 1-5, the ordinates for the exponent 8 on the line 3, 
and so on from A B downwards, and draw then Uie 
curved lines 1, 2, 3, i, 5, Ac. through the marks for the 
oi-dinates of the same immhcr. The ordinates arc to 
be taken on the scale to ^vliich a c was made equal 
unity. By these figures it will be easy to draw 
parabolas with exponents from 1 ^ 6, as afterwards 
ffill i9 shown. 
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CHAPTER IV. 

To calculate the Elements of Construction of Ships. 

Suppose a ship is to be built to carry a load of 600 
tons for common trading purposes, tlie quantity irt 
showing the proportion between the area of the mid- 
Bhip section and that of the circumscribed parallelo- 
gram, may then he = 0'84, and according to Chapter 
TL, sect. 1, tlie displacement is = i, + = 50O 

+ X 500 = 500 + 297-63 = 797-02 tons, which, 

mnltiplied by 35, gives the displacement d = 37916*7 
cnhic feet. 

The length of the oonstmction water-line, according 
to Chapter in.,iH !=(o44)^ ^ 2-6»18 X d"^ and 
the principal dimensions are found by the following 
ealcnlfttions : — 

Log 1 = lO'OOOOO — 10 
Log O-M = B'SaiSS — 10 

Log Si = 'iwm 

'■< )0-010SI7 
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LogDli 


= J-687B1 




= a-moi 


Log s-6eis 


= o-mot 


Log' 


= 3-0U89 aDd l 


Log;" 


08 

= i-esnia 


Log 0-7 


= 98*510—10 


Log 07 J" = LogD 


= 148101 oQdn 



Logmii=Logi=l-0e60I snd i=ll-643 = ? 
Log B=l-4Sini 

Lo^ =S-S4T0Ssjidf-352'dSsqauea. 

Log/i ■-.-)t'06fl07 
Log vT = 0-63303 
Log I'Sl = 0-17898 

Logo' — 0-71301 and »'=E-lfi2=tIu expoDsnt of the lategsctot 

tihe load mlcp-Iino. 
LogB = I-4BI01 
1-13 

LogB'" ^. 2-11784 
Log 0-0444= 8-04777—10 

Log? ^ 0-76081 aiidff=a-S8=tliolieigIit from tUo loud woter-Iiue 
tothedeot 

The centra of gravl^ of the digpIiieemCDt Wore tlie middle of the 
load watflr-Uno= =2-!67B ; 

* The Bune centre before the middle of the cooatnicUon Tatei-line 
^ + 0-SS=a-«78=»: 
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* from the fore-cml of the constraotion wator-lins . 44'llB 
Do. „ Bfter-ead of do. .... 66-775 
Di>. „ foremost pecpendiaalu', i4']15 + . 15-616 
Do. „ (tftarmoM do. et7TS + l= . eT'TTS 
Do. befbn the middle of tbe load water- line, ll-SS— MG<- 
11-08 = e. 



Do. on the foi-emo.st do. -d- --- v — ^llilSiS. 

IWie Bf the stc.-a.po=t from the tLilL;it of the kocl ti> the lojd 



If now siicli a ship, intended to carry 5tH) tons, is 
desiied to be more swift-sailmg than generally is found 
profitable for nierchantmen, but whioli, however, may 
be advantageous under certain circumstances, oj; is to 
be what is called a clipper ship, m may be = 0'75 and 
» = H Z. The depth d itom the load water-line to the 
rahbat of the keel on the midship section may then 
he made in the same proportion to the length, that by 
expeiienoe is found to answer well for flush-;lecked 
men-of-wax without steam power, viz. ~ -^l. "We 



have then in the formula D = — —7 mopl 
n + 1 

« = a'8,» =a 0-76, o=-h,p = V = 0-8, and « = 1, 
and I is found to be ■ 
The displacement d is then, according to Chapter IL, 
§l,i,s= + ^i, = 500 + ~ X 60» = 6dO + 400 = 
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OOU tons, wMeb, multiplied 1^' 9S, givm s as S1500 

cubic feet. 

The calculations will then stfUld U {rfleWB:— 

Log n = 4-49831 

Log 33 = 1-61861 

LoggSD = e-01682 

Logl-20T6 = D-OSISS 

Log i = 2-11883 and I a 181-71 

0-8 2-6= the difierenca betwsea i and L. 

Log P« = l-flafi9e isl-ai=L=the Isngbh. 

Logs 9 l-eiOaOandB => St-Tl-O* bnadtb. 

Hie (Upt& ({= A 1= 13-171 andlos <i=l-Iieas 

Logm . . = B-87fi08-I0 

Log f . . = 3-E354S~uid f = US'lS gq. feet. 



Log fli = 0-6T633 tui «' = = tbe exponent of tba fiuwput 

^ th« load int«»fiB«v 
Logs => 1-MOSO 

Logs'* = aWsi 

Log 0-M44 = e-MTTT-lO 

Logf - a-snu ■ad9 = 7-N8, lAlA, H It iia^^dup, 
imylMmduindto tf-j = tlka baght fivm tka load wrtw-IiDS to 
the dock. 

The oontn of gcavit; bslbra the middla of the load vatar-line 
— a 3-6S12, aod the aaau centre before the middle of the oon- 
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f before the middle ol the eautnietiOD initer-lins " (n + S) i = 
1-S X 2-S8ia - IS-GIT. 

f tivm the fine^ud of the eooBtnuitiou mrtec-Une . GS'SSS 

Do. „ eftewdof do. T8-i72 

Do. „ fore«ndofthBloftdw«te»-Hne,B3-a88 + l« 

Do. „ ifhH^midor do. 78-473-fl T9m 

Do. before the middle of the load watci-.!inB=l-2-6I7 

_0-26— 12m = c 

Diarence of dimight of water = 1 2o, 

Depth oa the sfteimeet perpsndioukr, from the loinl ivatcr-Uno to 
the upper edge of the r»bb«t of the keel, =il + — + — = 13'811- 

Do. on the foremoet do. -d^~ 1- = 12-661. 

Hake of stem from tlie upper edge of the rabbot of liUe keel to the 
load ivflter-liae = in = S'6SS. 

Hake of atem-poet from tha upper edge of the isbbet of the keel to 
tb9 losd watar-lino = 1 foot. 

The resistance of the water against the BHp's pro- ^ 
gress depends chiefly on the area of the midship 
Bection, and the midship section of the common mer- 
chant sh^» is to tliat of the clipper ship as 1 to 0'97. 
The area of the sails, in case of their being in both 
Tessek proportioned to the dimensions of the vessels 
in the same manner, is as 1 to l'36d, and in this 
instance &a moment of sails will be as 1 to 1*56 ; but 
the stability of the two ships is nearly as 1 to 1'8 ; 
consequently tha clipper will be able to curry propor- 
tionally to her dimen^ons still greater sails, and shall 
of course soil better than the common merchantman, 
to which also her finer lines will assist her considerably. 
The clipper will> on the contrary, have the disadvan- 
tage to require more men to work her^ and her register 
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tonnacfc iviU be grentiji-, mnldiig the rumiiiig expenses 
greater, iuiil the cost of "buildmg her ivill be nboiit 1 i 
per cent, more tliiui the cost of the common mer- 
cliautmn.li. Lastly, slie \vill probably be more uneasy 
in a sea-way. Tiie clipper miglit liave been niacli: still 
sharper, anil very liliely have been able to sail yet 
faster ; hut then all the disadvantages above mentioned 
would have been greater, and probably ivitli heavy 
goods on board she might have been uneasy and 
run the risk to spring a leak and damage her cargo. 

As further examples wo will calsulate the elements 
of constrnetion of a schooner of ill tons, intended for a 
swift-sailing mej-ehantman, and consequently shai'p as 
such, and an East ladiamftu of 1000 tons. 

Let m for the schooner be = 0-7, and as this vessel 

is sharp, the weight of the hull will be = ^ x 91 = 

80'G, and the whole displacement = 171'0 tons = 0111 
cubic feet - n. 

For the East Indiamaii let to be = 0-8C., then the 

weight of the hull will be = ~~ x 1000 = 697-7 

tons, and the displacement = 1697-7 tons = 59420 
cubic feet = d. 

By the formula I = (£f^ ^ 2-6918 x d &c., 
the elements of construction nf these two ships are 
found as put down in the table that follows. 

As an example of a man-of-war, suppose a frigate is 
to he designed, and that this frigate is to cany — 
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That she shall have a steam-engiae of 600 nominal 
liorfsc powcv, carrj' coals 6 (lays' full ateaming, prori- 
sions for U months, and mter for 1 moatb, witii a 
distilling apparatus. 

Thus, aGC(»:ditig to Chaptei II., we hara- 
ss 8-liicL gniu irilh anmninitiop, gunners' stores, and sll 

oSier qiportraaneM, weighing 32 > 7-2 tone, is . SSO-i tons. 
18 32-poiiudaa vlth ditto „ IS^SSi „ . . Si-SS « 
2 6J- „ „ „ . 2 < 12-5 „ . . SS-O „ 

COHPLWKil OF KeS. 

S2 S-iiuih gnm of BE mri, 11 men for each 
2 8 S2-poanden of IE „ 8 „ 
2 68- „ 9E „ 20 
For iha Bttam-Sngine 0-2041 x 600"*' . 



mioh number multiplied by O il gives . . . 63-36 , 

rroiiaioiu for 2 moatiiB = ETS x 2 x D'07 . . . S0'6i „ 

W>tw tot 1 montli ^ BIS xO-li 80-61 ,. 

BlMM-«D{^iiMaf SOOhorNpowsr = .GMKa'ri . . SG6-0 „ 

Coilsfor6d^B'Bteuniiw = BxeoOxD'lS , . 400-0 . 

la a aaQlutfrigate nltli this nrmalura the ballut onghC 
to be tiblmX SOO iODB ; but u {lie Bteua-enghiel ireigli 
SEE tODi, ibont SOO tons be deduoted, and tLa 

ballut lOl'O ., 

B = 1470-38 „ 

Wdghtafhiai = l-SGB= .... . 1848-20 „ 

Haata, V>iE,rig^iig,>Bili,&e. = (hSs = . ■ ^SSJ „ 

Total ^spUoMueBt =• S624-ia tons. 



vUdh, tnuKyiUad Iff BE, ^tw the diapIiu»meDt =j> = I268EE euUo 
&eL 
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In n, ship of tliis tliiss tlio Jcngth of the construction 
water-line may properly be times the breadth, and in 

the formula, Chapter m., b 



P is then = 5-5, _n = 3-3, 'and, as it is a steam- 
frigate, m may he = 0-8, to give a good room for the 
engines and hoilers ; A may be = 0'4, and the eal- 
oolatitms will stand as follows 



p — j = lY 

~ - Tj)— J = 4-2879 log = 0«8SS1 
vJc = O S 0 4 - 0-82 log = 8-50Sllt-lQ 

irtig^i^ = iism 



Log B = 1-65531 ind B = 4li^S 
LogSB = 0'T4086 

Log ' = "i«9«7Midi = Mg-7 
The additian to the coiutniotion mtv-Iina . 9-S 
IiBDgUi between perpendicnlut = i, k , SgS'O 
The Bdditioii fomard m^f be S, and nbtdi S-l for Uie >ci 

Log B = l-66fi31 

Log O i = 9'6O206— 10 

Log i( = 1-26TS7 and a - 78-087 
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Log k ^ I'lSOU tud = 11-17 

Log s = I-S6681 

Log ^ ^ 2-81571 uid f = SSI'S Bqutrafect 

B - lE-218 



In tliis sliip tiie centre of gi-avitymay with propriety 
be in titc middle of the length of the conBtmctioii 
ivater-line, and therefore the middle of the parallel piece 
would come in the same place. 

To get the screw sufficiently helow the water, the 
difference of draught of water may be about 3 feet, 
and consequently the depth firom the water-line to the 
rahbat of the keel on the afteimont perpendicnlitr 
= 19*087, and on the foremost perpendicular — 17-0lj7. 

Logs- lefiSSl 
Log B-e- 67<ei> 

t^^g=0'S0713 imd Si}?!!, or S {set tlu bdght of tlie poiMIl above 
the load iFRtOT-line. 

As the last example, suppose a river steam-boat ia to 
be built of iron ; that it shall have a steam-engine of 
130 nominal hoi^ power, and carry coals fear IS hours' 
full steaming ; that it per medium will have on board 
3,10 passengers and a complement of 32 men. 

The displacement is calculated as follows ; — 

Steiiiii.en^ea of 120DomiuBl horse poireT^120 ■ O'Tl— ■ 65 2 tons 
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7(H) putengsta with goods -SSOx 0-1 SB-0 twa 

IS men beloDgiiig to the Bhip, nith clothes, kO-11= 1'32 „ 

"Wei^tafhnlliirilliaiichataiClu^ifto.— D-83flB— . I09't8 „ 

Total diBplaoament-ESS-el tana 
whiah,miimp1ied by SS,giTM Che diiplacem«at>^ 0=8387'! oubic fesL 

As tliia boat is intended for smootli ivnter only, tlie 
length of the construction water-line msiy be 9'D times 
the breadth, that is I = 9 5 b, and the depth from the 
water-line to the keel may be one-fifth of the breadth; 
that is, d = O Sb — m may be = 0-95 and ji = 3. 

It is thought advisable to give the vessel a parallel 
piece of a length = 3*5 b ; the remainder of the length 

I will then be = 6b, and the displacement d = ^^" -^ 

X 6 B X ^ -f 8'5 B X nnd as ^ is = m e cJ =: 0'3 x 

0-95 B « = 0-19 B D is = 0-19 b ^fo x — ^ + 3-5") 




Bisthenfoniidtobo = 18-055,1= 171-537, and if tlie 
addition to the construction water-line is made = 4'473 
(2'473 fonvoril and 2 aft) the length between the per- 
pendicukra will be = I. = 176, d = 3-011, A = 8'48, ^ 
= 61-95. • 

Length of parallel piece = 63'S03 and I — e3'203 = 
108-324. 

es-203 x 9i'e5= . , ms 

Th« displusmsnt at kbore = 8B87-4 fluDia tent 
From the after-end of the constmction water-line to 
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the after-end of the parallel piece may 

be about 8 b, or . ■ . . . .3a feet 

Half of fee parallel piece is = . 31"601 „ 

From the after-end of the construction 
water-line to the mitWle of the parnilel 

piece 07-601 „ 

Half length of consti'izction water-line 
_ 171-527 _ 



, 85-763 



= 3-714 = c, «ai~z= 



Middle of the parallel piece abaft the 
middk of tiie eonstmction water-Une 18'16S , 

wHch is = -f- ^l^±.yi!L±l^, w baDg = i when r 

the length of the parallel piece. Therefore- -f- e 
IS'lUS (v n -f g) I _ 171-587 _ 
{v n+ 1) (w -I- S) P 68-S03 " 
5-317j that is, the centre of gravity is 6'a47 feet abaft 
the middle of the conatruction water-line, and to this 
ciretunstaneetheneceBsaryconuderationnHist be taken 
by determining the place of the engineB with boilers 
and coals. 

A Bteamex of this desciiption needs not have any 
difference of draught «f water forward and aft. The 
height from the water-line to tiie dedc may ^ ^ ^ ~ 
5 feet. 

The elements of constmction of the different ships 
here calcnlateA are put down in the following table ; 
and according to these elements the drawings. Plates 
III., IV., v., VI., Vn., and VIJI. are mad« op. 
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CHAPTER V. 

To malie up a Drawing to a Ship according to the 

calculated dements of construclion. 

FiiOM the cnkiilateil elements of construction in the 
fori^gning Clmptci-, ""c will select those for the -common 
niei'clmnt ship of OtKI tons. 

First construct a scale, ivhicli in general may be J of 
an inch to a foot, or, which is the Siimc tiling, -^th of 
the true size (that the plates should not he too large, a 
smaller scale is here used). Then draw a line ah= T. 
= 113-30 feet (PI. III). Put o c = 1 and 6 d = Vr> 
and c(/ is = i = 110-89 = the length of the construc- 
tion ivater-line. Draw pei-pendiculars to the line a 6 
from a and h, and put aa' = bb' a little more than the 
drauglit of water abaft, a'a"=b'b" a little more than 
the half breadth. Draw a h' nni a" h". Then make 
a^ = a" <p" = G7-7T5 feet, and 4> is the place for the 
midship section or dead-fiat. Put a c' = ac and b' d' 
= bd. Divide c <l>, c <l>', d <p, and d' <{>' each into 10 
equal parts, and draw the hues 1, S, S, 4, 5, H, 7, 8, 9. 
Divide, lite wise, a'<j>', a" 4>", b'ip'j&ndh" <j>", each into 10 
equal parts, and draw the lines 1', 2', 8', 4', 5', 6', 7', 8', 
9', through the corresponding points on the forepart, 
and the line l' through the eeventh part on the after- 
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part. Put a c = 14'G08, ^ m = 13'86l ^ d, and bn = 
13 338, and draw OWK, wliich is the upper edge of the 
rabbat of the keel, and which ia a straight line if the 
calculations and the drawing are correctly executed. 

To find the ordinatee of the line of sections, the figure 
on Plate II. is to he used. From the niaik S G on the 
lineABasa centre, and witli /(i:ill'fl43 as a radius, 
describe part of a circle ef. From the other end of the 
line marked, 2'5, draw a straight line gh, just touching 
the circle, and the distances froni tlio points 1', 2', 3' 4', 
lie, perpeiidicnlnr to the line gh are the ordinates for 
the line of sections for the correspoudirg vertical 
sections of tlie ship. Tliese ordinates multiplied by 
the mam breadth B = 30'27 give the areas of the 
sections. However, these areas may be found without 
any calculations whatever, by applying the area of the 
midship section = ip = 852'48, taken on a convenable 
scale A (Plate III.) as a radiua, instead of A, and the 
same point as a centre, and the distances from tlio 
points 1'., a', 3', 4', &c., perpendicular to the line gh, 
figure, Plate II., measured on the same scale a, will 
give tlic area of llie coiTesponding sections. If these 
distances are applied as ordinates on the corresponding 
sections 1—2 — 3, and (Plate III.) from the water-line 
downwards, and a curved line ckd is drawn through all 
the points, the area of eveij section between e and d, 
may be found by measuring the distance from the 
carved line ckd to the water-line ab on the same scale- 
A, on which the area of the midship section was taken. 
Draw now the sections or frames that are to be used in. 
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the actufil buiklmg of the sHp, viz. : 3— 9— 13— 15, "Ac. 
on the afterparts, and c — F — i—m, &e. on the forepart, 
and measure their areaB as follows i — 



KoTT pnt ^y=iB=3l6'lS5 and apply thie distance 
on the same figure. Hate 11., and in the game nuomer 
as k was applied for finding the ordinates of the line of 
sections, tut from a line H drawn parallel ■mtb a c at 
tile point 5*153 = n' = the exponent of the water-line 
marked from the scale tmdemeath ttke figure. Then the 
breadths of the load water-line for the sections 1', S*. S'l 
&e. on the fore-body, Hate III., and'for the section T on 
- the after-bod^, are foimd in tiie same manner* as were 
the ordinates of the line of sections. The stenr, and 
stern-post may now be drawn according to the deter- 
mined rake. The height from the water-line to the 
deck is put up = 5-85 feet, and the gunwale, railsi 
stefn and head may be drawn. Now the parallelo- 
gram 1, 1, ?, 7 is drawn, into which 1, 1 is = n, and 1, 

7 = d; r, 3 = 2, 7 = 1, r = r, 1 = |. Put then 7 i 

= Sd (l—m) = 4*4355, and the trapezium {r^i wiK be 
equal to half the area of the midship section. Divide 
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tlie line q I into six eq^ual parts, mark tbe thickness of 
the keel, and draw a well continued fair curved line 
from the ujiper edge of the rahbat of the keel tlii'ough 
the point? 1 and fi of the line qi to the point 1 of the 
water-line 1, 1, This will he tlie midship section, and 
has aearlj- the detcrraincd area, and may easily be 
corrected to liold exactly the number of square feet 
before calculated for the midwhip s^eetion. By this 
method lln; midsiiip section will obtain the fonu that, 
with the given breadth, dcpih and area, will produce 
the greatest stabihty. Now the top breadth lines must 
be drawn in the lougituiliual horizontal plan, and there- 
after all the transverse sections or frames. In the 
forepail is given, for each transverse section, the area, 
tiie rabbat of the keel, the breadth ju the water-line, 
and the breadth at the gunwale ; in the afterpart the 
same, except the breadth in the water-line, which only 
is nearly known for the section that comes neai-est to 
the section 7'. Not everybody will be able instantly to 
draw the different sections to their determined areas 
without many corrections, but after Fome iiractiee it may 
be done without any great trouble ; and when the areas of 
the sei^tifins ave tent c"vncflv rnunl to llieir nredeter- 
inmed areas, the designer is sure ol liavinii got his ship's 
body to answer to the calculated elements oi construc- 
tion. This may be ascertamed. and the hejght of the 
centre of gravity of the displacement found, as well 
as the place of the metacentre. by such calcnl&ticniB 
BB are made in the following Chapter, from measnre- 
mentB on the drawing. Such a high degree of acourac^ 
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as is sought in this cxiunplc is nevertheless not neces- 
BOXj ; foi' in a displacement of nearly iSO,000 cuhic feet, 
a difference of some hundred cuhic feet is of no con- 
sequence. 

If anybody should be of opinion that the stability of 
the ship is not known to ft sufficient degree of accuracy 
by the place of the metacentre, they may use the 
method liud down by Atwood (See Phil. Trans, of 
Eoyal Society of London, 17'JC and 17'J8). However, 
the method of determining the stability by the 
place of the nictaccnlvc may be considered suffi- 
clent]y atcurii'.e Iji ;'I1 where the sides of the 

ship, 11 little u.b;jy>_ a:, wdl lis below the water-linej are- 
parallel with each other, or nearly so. 
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CHAPTER VI. 

To calculate the I)iii}>lacement, the Place of its Centre 
of Oraviijffand of &e Metacenire. 

Fob theee calcnUtions we will use the drawing for - 
the same ehip of 500 tons, Plate III. 

To find tlie areas of tbe transverse sections. 

The distance between the water-lines on the draw- 
ing is 8'31, and one-third of tliis. distance is = (}'7% 
feet. 



93 

Digitized by GoOgle i 



TO CAI,CULATB THE DISPLACEMEKT, ETC, 59 



To find the culjital content and centre of gravity of 
the part from section 3U to the aftermost perpendicular ; 
From section .'.iO to the aftermost perpendicular is 7'77- 
feet, therefore tlic distance between the section 3-885, 
and one-third of this diataace — feet. 



S-SSt C«Dtn of grkrity Dram •BsUoii St. 

T-7r s«t.go,f»mi^ 



5-216 Ceatte of grsTity from do. 

To find the cubical content and centre of gravity of 
the part from section 30 to section S : Distance 
between the sections = IS, and one-third pf this dis- 
tance = 4 feet. 

80 ll'lil 
24 flB-T6 4 



!' 663-88 
i:i94S-M 



It 2 «SS-2a{6 3DH>-» 
5 i iS5S-00 T SSSMIO 
Bl TO-SglS 681-18 

8888-10 yimiso 



i Cub. cntnt, ItSSS'S 



fS-ins Cwntxe ofgnritj: from 
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To find tliu (^iiljical content and centre of gravity of 
the part from section S to the foremost perpendicular r 
From section S to the foremost perpendicular is 9"6S »■ 
distance between the sections 4"8I, and one-third of 

this distance -= V603 feet. 



lOflTflfl Centra of grBvity from do. 

To find the whole displacement D. 

i Cubiool contant bom aecUoQ BO to the stem-poet 1S3'£S 
,. „ „ SO to notion 3 . 13S33-6a' 

H n 71 Stotlusteia . . SOG-OS 

i Diepbcemwit 139S1-B3 

2 

Th« whole Dbplacemont = D = . . 279B3-8li cuIi. (t. 

To find the cehtre of gravity of the whole displace- 
ment. 

This centre ia firom the afteimost perpendicular : 

SOS 08 X I06-7B6 + 13S3S-6 « 68 J796 1 153'26 x 6'24S 

— imi-^s = ■ 

Half o( the length betwaen the porpendioulaca . . S6-6B5 
Centre of gnvit; before the middle of Uie loed watet^liae 2-255 feet 

-The diBplacement Bhould have beea 37916*7 cubic 
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feet, and the centre of gravity of tlie displacement 
9'268 feet before the middle of tlie load wnter-line ; 
consequently the displacement has been. C7-10 cuhia 
feet too large, iind the centre of gravity has come 
0'013 feet-=0'15G inches too far abaft; but this 
small incorrectness is of no consequence in a niftcLlne 
of this magnitude, and might easily have been obviated 
if tlie drawing had been made to a larger scale. 

To find the area of the water-lines. 

The distance between the sections is 18 feet, and 
one-third of this distance is = 4 feet. 



10-90 1 
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4 46 20 
2 18-40 

4 im 



o-SD a: I'OO 

0-50 3 1-00 



To find tbe displacement and tlie place of the centre 
of gratify beiow the load water-line. 




£•391 Centre of gravity of dia- 
plaoeraant below the 
Wt ivntet-line. 
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To find the metaeentre. 



1295'03 
2 eWBO 



3 6726-68 
■ SBSS'TB 
72600 



2rns6-7e 

t. 8 311155 
M HIG'OS 
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CHAPTER VII. 

On tJte Proportion of Sails. 

A SHIP is not a complete iiiaeliine Ijefore slie has 
got her masts, spars, rigging, and sails. To get this 
maciiine as perfect and eU'ectlve as possible, it is 
necessary that the masts, rigging, and sails shall have 
certain proportions to tlie size and staljility of the hull 
—and consequently that they siiall he made according 
to just principles. 

If the place of the eenti'e of gravity of the ship 
with everything in it is known with regard to the 
height above the keel, and this centre, as for instance 
in men-of-war, may be considered to be nearly in the 
same place during most of the time that the ship 
sails, the stability of the ship is almost unaltered for 
such a time, and the moment of stability for a given 
inclination may be calculated. As the pressure of the 
wind on a square foot is known for the different deno- 
minations of the strength of the wind, it may be 
determined that a. ship at a certain state of wind, for 
instance, strong breeze, with certain sails set, and 
close hauled, shall incline a suitable number of degrees, 
for instaitce 7 or 8, and the moment of sails then be 
made equal to tlie moment of the stability. This 
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method ought to be ajiplieil to men-of-war without 
steam power; but nowtbat all mcu-of- war are provided 
with thiw propellinf! power, the sails are seiierallv 
instde smaller than the ship could otherwise carry, 
so that the resistance of the rigging and spnrs. 
when steiimmg agamst the wind, should not diminish 
the ship a velucitv too much. As lor merchant ships, 
they are obliged, at different times, to sail with very 
diffei ntdn IK f « Uti ^ccadui" to th,. i^eight a 
the cnr^fo or biiUast. hv which circumstance the sta- 
hihty becomes extremely variable. It is therefore 
impo^ -iLlr 1.1 ii.v,; lo ii merchant ship sails of the most 
suitiiblc ^i.^ii Jur iill oircumstances. and the best plan 
to proceed on will therefore be for the sails ot mer- 
chant ships to use such proportions as bv practice are 
found the most suitable. 

It ought to be remarked, that as the breadth has 
most mfluence on the stabilitv, the masts, topmasts, 
and topgftUautmasts reasonably ought to have a certain 
proportion to the breadth, by which the height of 
every sail, as well as the height above the water-lme 
of their common centre of gravity, will be m propor- 
tion to the ship B breadth ; but the length of the yards 
IS generally made m a certain proportion to the length 
of the ship, by which the moment of sails will be m 
proportion to the length multiplied by the square of 
the breadth. Small vessels will then get a greater 
moment of sails in proportion to their stability than 
large ones ; but, when a sudden squall comes on, every 
necessary manceaTre for the safety of tiie ship may alsck 
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ha done id & shorter time in the email Tessel Uian-in 

the large one. 

It may also he recommended to observe, that sill the 
jniists nud spars slmll have a certain proportion, to each 
other, as well as to the dimensions of the ship, in order 
that tbe whole may get a handBome appeatonce ; and it 
is a general notion that » ah^> is hamlscunelj ligged 
when ; — 

1. The main -topmast -stay and the forcstay m^ke a 
atraiglit line together, and are parallel to the mainstay, 
or nearly so. Tlie forestii;' may come between J and 
-j-ths of the length of tlic boiv^piit out-;i(le the stem from 
the outer end of it. 

S. That the three top-;ulji rr- linuologous, or at 
ieaht thai IhHr ^^idu'^ m'c paviillu!. 

3. Jh-A xvlifcu tiif! sliip se^u from ui:(: of the ends," 
iill the bhroudi! of the different niasts should seem to he 
parallel to each otlior, or nearly so, and likewise the top- 
mast shrouds. This depends much on the breadths of 
the channels, that ought to be modified thereafter. 

Besides this, the place of the masts with regard to 
the length of the ship is of consequence, and must be 
determined in such a manner tliat the ship may get a 
suitable ardency, that it may go about with facility, bsiA 
that not too much of the power of the rudder may be 
necesaaiy to keep the ship to her course when elose- 
hauied. The science of naval architecture is not so far 
advanced that it is possible to calculate where the 
oeattre of effort of sails shall be to give the best steering, 
at leoBt not mth the derirable d^ree of asomaey ; and 
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therefore the ship's designer, in placing the masts, is left 
entirely to what by experience is proved to answer best. 
By this is fband that the common centre of effort of 
sails, that is their common centre of gravity, with pro- 
priety may be from -nr to -r^ of the ship's length in the 
load water-line before the vertical passing throirgh the 
centre of gravity of the displacement ; but in vessels 
with a considerablQ difference of draught of water, such 
as cutters and schooners generally are, it is commonly 
near or ahaft this said vertical. In ships of great 
length in proportion to their breadths, it seems to he 
of less consequence if the centre of effort of sails is a 
little farther forward or aft. 

For men-of-war with steam-power, the same rules 
for placing the masts, and the same proportions for 
masts and spars, are applicable, only that, as the length 
of these ships generally is great in proportion to the 
breadth, the yards would he too long if made in the 
same proportion to the length as for sailing merchant 
ships. Instead, therefore, of using the real length in 
proportioning the yard^ gaffs, &e., four times the 
breadth may be considered as the ship's length. 

As the place of the masts, according to ih« ias^fang, 
must be di&eent for difienait sbiqieB of ab^s' bottoms, 
the following rules may be a good goidsnce, showing 
how the masta in practice have been placed in regard 
to the length of the ship. 

If the length between the perpendionlars is i., flie 
place of the masts is found to bare been fi>r 
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FaiGAiE-iuaaED S 

it from kbe foremoat perpeudi 



p^„J,i™lai- (j-U L to 0 
do. O'tB L to 0 

do. 0-8721. to 0 



FDremaali from the foremost perpeDdicular O lStL to 0'16Sih 



laat from thaforBiuoBt perpendicular O'lWSi, to 0 25 t. 
iBBb do. do. O'fil I, to o eosiw 



li&diuiiub from the Iaremoi( perpeiidi«iilnr 0'3383 l. 
XiiouiUet do. do. O'SS i> 

The mut from ib» fbremoit pei^eudiaiilar O'SSl l to 0'871 l. 

Sules/or fA« Proportiom of Masts and Spars. 
Length in the load vater-Iine or between the per- 
pendionlaTB = i<. 

Greatest breadth moolded in the load water-line— b. 



1. Fob Fkigate-bigged Salts. 


















The length below the water-line Bfcord- 






ing to the depUi of the ship. 
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^orOiTfid-holo'to the s( 
The length, of the poll 
length from the tope 
Btopa of the toptrallant 



iin.L r.i.,> l,Mv/th of tlie (vru- 
in^jt-liead cqi.ni to tlie length o£ the 
m&inmaat-heud multipllad bv 
The length of all the spfirg of the fore- 
- mast, jards mcluded, pqnsl to the 
length of the oorreaponding Epara of 
the nummait mnltiphed bj 
Tht kead of the mizinnKiit In a atrught 
Una dtawD-Uuougk the main and tbre- 



I Das the tresieltnai of the 
11 ha la thla line, 
inal to the 



miEeumaat bWI 



Uizenmaet-head aqna 
head mulUplied b; 
All ths span of tha 
iududad, equal to 
■pan of the mumnaab mnltiplled b7 
Botaprit outside the stem 
Jibiamt ontdde the bowaprit cap 
j^iznjbs*-AoofA whole length , ■ 
Oaff to tha clampa .... 
Thi middle of tie Imeir iiarde below thi 
upper sde of tte lower treeeeltreeB, ■ 
of the length of the maat head. 
The middle nf the topsail^ardi helog 
the tapmaet-tresBelirees, of th< 
length of the topmast from the lowe 
treaeltrees to the topi 
' ■ ■■ flie lopijoZi 
^ of tbs le. 
t from the 
topmaat'traBseltraea. 
Sreadlk iff ma{n-<i>tiM)I at the foot oi 
tha length of the DudD^ard, Tard-anuB 
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heail 



EH- topgaHaatiail 



: tha 



Brendth of mam-royulB st the he&d 
Yard-arw3 of lover.. U>pgaUaal, and royal 
yarde, -fg of the lusgth of the jtxia, 
jard-arms excluded, eacb. 
Tard-armt nf jnain-foptail-s'anfa, aaeh . 
JSl along the itay egoal to the length of 
the ati^ multiplied h; . . . . 

Ths after leeidi 

TbeA»C 

Spanke^f^ parallel to tbs ndien-atar. 
Baksof IbramullniafbframSti] Sin. 

Stive of howBoiit ,T Sfto Sft, 
fHie length of thsRtud&inail-boanu is. 

the half of the length of ths ^ratdtte 

irhich Uiqr belcmg. 



Munmaat-bead . . . , 
Moin-topnuut, head iaoluded 
„ head 

Main-topgallantmasti to the stops 

ncl^ad of fL /urrmaH below s 



,ast-liej.d. " 



li jf tl 



Length of main-yard, jnrd-nrms csdi.di 
L^gth of main-topgallant-gard, j-iti 

sTmseicladed .... 
Zenglh of main-nyel-ganl, yard-armB c 

olnded 

of the toremast ei " • 



pood in 1 



igspa 



, (,f the 1 



Ya,d-n-,r/,:,oftops^dh'',-'h-<!^a^ . 
All tlic other yurJ-amsB aa on fngntes. 
Boicipril and jiliboom as on frigates. 
Maiairboam, whole length . 
S^f to the daraps .... 
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Bake of foremwt ia 12 ibatfcom i to S in, 
Stiia of bowipiit „ „ 8 „ 4ft. 

S. Bato FoBVABD Aim SoHoaiiAi Art. 
Ponmait above the mtei-line, Iiaad iu- 

„ hud .",*.*. 
^rt topwmt, bend incloded . 

„ hod .... 
PbrMdfliraQiuitmait to the rtopi 
i'ofe, M on frigates. 
Jfunnait abnu a< wla^iM, he 



j1f(Etn-f0pinaBC to tbs Btopa 
i'oZe above tho stops equal to the pol 
above tho royal on tba focB-topmBst. 
BoiBspHl otitBide tbe stem 
Jibb/im outside the bowsprit enp 
Brindlh nf fore lnfaail at the fool 



h oflh _ 
The jarik ,i,e hung 
Ifinglh of all the] 



Bake of fore 
St&eof bonsprlt 



, and tho 



Ptm-t^umi to tho stops 

Jiale abore the stops, equal to tho length 
of the topiBHt from tbs lovrac np to 
tiustopa: (to i oftUs langth «hoii]4 
be above the topgallant rail. 
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HahirUpmail to tliB Btiit» 
rde aboTB the Btgpa, equal to i 
nbore the topgalluitBail oa 1 

Hms^ml, outside tlie etem 
Jibbocm, outeidB tlie bowapriS-ss 
Smadlk n/ fAf loj'jnii at tba fuot 
Bi-eadth I./ I^t tQii'irdlanlsail at. t 
Tho jarda aro hung, and tho lei 



„ belaw the trsBBeUreoa . 
Man-gaff do. do. 
Ikka of foremaat In 12 feBt, 12 to 
„ m^nmaat „ IS „ 
BtiTe of bowepht „ Si „ 

S. For Eetohek 
Jt^WKotf, nbole length 



ilfi'snifiuut^tai^ long • . . . 
-- laiort to Oa atopi in heifiiit. 
lain-topmoBt hounded. 



iimcjjir;; outaidH tiie 
JMaom Du£«da the 1 

JMicr-gafto the sto 



O'TBb 
0 7Be 
0-S41 1. 



lelgbtwtth 
t ! oftbe main- 



e uqual to J of 
' "- — 'lan'.ti^ 
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3V/e.'i-ynj'diaiiung below Iho i 
topsail-yard hf 



balow the 
the loirer cap . 

below thotrMBBltcEM . 
Yard-armi at the foTOjarci, lop-gallant- 
jard, and rojal-yard ^ of the biwdth 
of titB sailg each. 
Yard-ana of lyaml-yard , 
liBbaoi 



.93 



Stive of bamprit 
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According to these proportions the sails m&y be 
drawn, and thereafter the corrections made that ma.y 
he fonad necessary to get the centre of effort of sails 
in the intended place, and that the whole may get a 
handsome appearance. 

In this manner the dranghts of the sails are made 
in the Plates IX., X., XL, XII,, and XHI.; for the 
ships on the Plates III., IV., V., VI., and VII. ; and 
the place of the oentres of effort at sails for the 
merchant ship Plate III. is foond by the following 
calculations. In the same way the centre of effort of 
sails for the other ships may be found. 















Driver . 

Mizea-topa»t . . 
UiUD-topgnUBatsdil 

Maiu-oouraa . 
Main-topBail . . 

M«iii-t<>i>eE.iiii.t^,LiL 

Fore-topgallantsaLl. 
Fore-topmaitatajaail 
lib . . . 


1022-8T 
760-80 
UODi 

1781-60 
1450-60 

88S-SC 

692-30 
B57-S1 

ess-60 


27-10 

7S-2S 
26-80 

6:i-00 
32-70 

85-55 


27719-77 
«083-20 
26340 SI 
4774fi'S8 

08277-80 
6362S-57 

7032«-C0 

12741 '£9 
22091-04 


0-2 
lS-0 
160 
SO-7 
S0-- 
607 

100-39 

126-ae 
ise-39 


1217; 

5600 
90327 
75066 
34783 
149161 
120162 
68807 
15460 
73777 


JO 

12 
42 

ll 
70 


Ana of s^a . 




)mm-oa 




mm 


19 


Centra of efibct of aula lAvie 


ths j 


48-31 




3(M'57 



10S8e-04)8S9431-62 



Centre of aSi>rt of Bills from the ■fbarmoat p«rpMidioD]<ff . 64-93 
EaUlsDglhof-theiifttepJine 96-695 
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Centre of sffort of sails befora the middle of tlio water-liue 8-285 
Ceulie of gravlt; of dispUcemeut „ „ . 2 555 

Centra of effort at soils before the centre of gtaiitj . . G'TS 
which ii = ~ . L being tbe length betmen tlu perpendicalftn. 

For the clipper sLip, Plate IV., tlie area of sails is 
found 15710-4 sq. ft. The moment of sails = 908886, 
and the centre of effort of sails before the centre of 

gravity of the displacement 7'54 feet, which is — j^rg* 

If the height of the metacentre above the centre of 
gravity of the displftcemeat iB=n, acd the displace- 
nieiit=:i>, tlie pi-oduet hd may he consiilered as a 
measare for the aiiip's etabihty. By experience it is 
found that the moment of sails in common merchant 
ships may be from 2'5 h d to 2'7 h d ; and in clipper 
ships and men-of-ivnr without steam power from 2'9 h d 
to 3-1 II D. In the merchnnt ship, Plntc III., the 
moment of Siiils is id-mWOQ, ubieh is neiirly 3*6 hd; 
and for tlie clipper ship the moment of sails is 908886, 
which is abost=8 B D. 
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CHAPTER VIII. 



On the Scale of Capacity. 

Fob every one that commaads a Bliip it is of con- 
eeqneace to know how deep she will swim witli a 
certain predetermined cargo, a3 well as how much 
deeper she will go when she h^ got some weight on 
hoard and is to take in a certcdn quantity more ; like- 
wise what quantity of hallast it ia necessary to take in 
to get the ship down to a proper draught of water 
when she has none, or only a small cargo not snIBoient 
to give her the proper stability. 

A sore and simple means of finding this is therefore 
desirable, and this means gives tiie scale of capacity, 
wherefore every ship by its constrcotor ought to be 
provided with snch a scale of oapaci^ with a descrip- 
tion of its use. 

To show how a scale of capacity is drawn, the 
necessary calculations are put down here for drawing a 
scale of capacity for the ship, Plate III. 

According to the calculations for the same ship. 
Chapter VI.,— 
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The area of libe M water-line ia ^ SSOO-66 

and do, = ■ 2778-0* 

=) 5678-90 

Di,i,.-.;; ; -In- ■ .M ■ . . . . a-31. 

Cubical coiUeut betivGca l&t and 2niJ Kater-Uiie . . 666813 

„ of plutliing botween do. . . . ISS'S 

„ of otem Hud atarn pose behreen do. . S'l 

'WliDle cubical conlcDtbctweeiilBt and Sudmtor-Iiiie . 071E)'OS 

Area of the let mter-lins = 2900-86 1 . . . . ^OO-SS 
Snd do. STTS-01 4 . . . .'llllS-lfl 
„ . 8rd do. 3607-08 1 . . . . 3607 08 
16630-10 
0-77 

Cubical conteut between lat and 3rd w»tBi>lins . . . 12697-48 
of planking bstwemi do. . . . M8-8 
„ of et«iu and atom-po6t .between do. . . 12-1 

VltoU onbic»I couteut between let and 3rd watw-liue . 1S913-BS 

Area of tJte 3t-d vatei-Iina S6D7'08 

„ «tli ~ do. SSBB-H - 

2160-83 

Distanco between the water-linee 2-31 

Cubical contont batweeu 3rd snd 4th weterline . . . S706-20 
of plttokiQg between do. . . 178-4 

„ of stem and atam-poet between do. . . 6-0 ' 

Whole enbieal oontant between Srd and 4tli water-line . 6887-69 

„ « 1st and Srd do. . . m4S'83 

mole cubical content between 1st end 4tb water-line . 138S1'07 



111 tLis Viiy llio ouLiciil contenL between llio first 
and each of the other water-liues are as inserted 
hero : — 
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Cubic*! oontent betn'cca 1st and 2ad water-lino 



671 603 = o. 
12943-33 = b. 
1S831-0T - e. 
23Sai-16 = d. 




l&t (.Tid 3rd do. 
1st and 4th do. 
lat and 5lb do. 
l=t iDd Glh do. 
lat ond rthdo. 



2!>085'10 =/. 
afl£03-9 =y. » 



Now to coostrnct a scale of capaclt^■. draw hrst a 
ncule A, I'Lite XIV., on which the whole displacement 
he tiikeii, and likewise a scale It. on which may be 
taken the draught of water of tlie ship. Draw a line 
(lb = 39203 D taken on the scala A. JJiuw tliu hiiea 
a t and b n perpendicular to a h. Make at =-hu = the 
draught of water of the ship at the midship section, 
tiikeii in feet and incliei; on thi^ scale j;. Now n c is 
oiade --■ cc ■—- eg — 'jl - II -- J ii - T'U, which is the 
distance between tlie water-lines taken on the scale b, 
and the lines cd, ef, gh, ik, Im, and no are drawn 
parallel to a b. Put now -= a in tlie foregoing 
table, e a b, Q -l - r, i ^ (i, 1 6 = e, n 7 =/, alto- 
gether tiiktn oi) Hio sciile A. Through the points a S, 
8, 1, a, (1, 7 ;iud II, draw a fair curved line, and the 
scale of capacity is completed. 

A ton is equal to tlie weight of 35 cubic feet of sea- 
water, and tlicrcfarc a scale of tons agreeable to the 
scale of capLiclty nv.iy be drawn by means of the 
scale A, and this is done in the scale i\ 

To explain the use of this scale of capacity we wOl 
suppose that the ship to which it belongs, with some 
weights on board, ixaws 11 ft. aft, and 9 ft. 8 in. for- 
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ward. The mean draught of water is = ■■ ■■■■ » ^ ■■ ' 

= 10 ft. 4 in. It is desired to be kuowii wliat will be 
Ute mean draught of water wben an additional weight 
tot 100 tons is taken on board. Thia is found its 
follows : — From u to a" on the scale of capacky put 
10 ft. 4 inobes taken ou tbe scale b, tbiough a" draw 
a line a" b" parallel to a h, and tbrough b" a line h" ^' 
parallel to hu. From e" pai 100 tons taken on iit& 
Ecale D to d", draw d" e" parallel io bu and e"£" 
parallel to a 6. The distance fu measured on the 
scale B, gives the ship's mean draught of water after 
the 100 tons are got on board, equal to 11 ft. 8i iot 
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CHAPTER IX. 

§ 1. On tlie dimeMioiia of materials used in Skip-huikiiiig. 

The Btrain that goeB on the different parts of a ship 
it is imposdble to calculate, and therefore it is by a 
long practice alone that the materials uBei in ship- 
building have got the dimenBions now considered 
proper. It is to be observed that a ship intended to 
carry heavy goods, such as iron, ore, salt, &c., liable to 
make the ship uneasy at sea, ought to be built stronger 
than a ship iutended only, for instance, for the timber 
trade. Different qualities of materials also require 
different dimensions to give the same strength to the 
ship, hut still the strength does not depend alone on 
the dimensions given to the timbers and other materials. 
Their proper connections mtli suitable fastenings affect 
the strencrth of the ship almost in a still greater degree, 
and therefore it requires all the skill of an able and 
experienced practital ship -builder to give all the 
materials proper dimensions in proportion to each other, 
and to the dimensions of the ship. 

The dimensions of the principal materials used in 
the building of men-of-war, as put down in the follow- 
ing table, are mean dimsnaoiiB of what has commonly 
i8 
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been used in different coontrieB, and may therefore be 
considered as suitable in all common cases where the 
ship is built of oak, or some other timber of nearly the 
same strength ; but if fir is applied to ahip-boilding, the 
ficanflings ought to be ^ to -j greater. The samesoant- 
lings are applicablje to merchant ships : it is only to be 
observed that the miun-deck beams of a irigate will be 
suitable as lower-deck beams of a merchant ship of 
the same breadth, and the upper-deck beams of a 
^^gate to the upper-deck beams of a merchant ship. 

As a general rule it may also be observed that if the 
ship is very long in proportion to her breadUi, the 
dimensions of some of the materiajs ought to be 
greater thau put down in the table, and this about in 
■Uie foSowins proportions : — If the length in the load 
water-line is from o to times the mam breadth, 
drride the length by 5. ami take tlie quotient aa the 
breadth for dBtermmiua the scantlmsB of the keel, 
false-kccl. dead-wood, stem, fore-foot, apron, knight- 
heads, hawse-pieces, stci-n-post. siding of the frames, 
keelson, iron-diaeonals. thick-stuff at the fioor-heada 
and fiittnek-heada. clamps for the beams, shelf-pieces, 
water -w a vs. spirkettmg cat-heads, nding-faolts. hawse- 
holes, all the wales and outside plankmg. All the 
other scantlings are taken to the real breadth of the 
ship. 

If the length in the watcr-lioe is from CA to 8 times 
the breadth, divide the length by 0, ami cDnsider the 
quotient as breadth for the above-mentioned scantliugK. 

If the length is more than 8 tunes the braadtli. 
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divide by 7, and If it is more ihan 9^ times the breadth, 
divide by 8, and taiie the scantlings as before. 

This is apphcable tor men-of-war as wll as foi' 
merchant ships, but for steam-vessels intended only 
to carry passengers, and for mail- steamers, the scant- 
UDgB have been made slight ev, 2>articiilar]y the 
moulding of the frames, which accurdiiig to circum- 
stances has been diminished to something about i of 
what is put down in the table. 

All the dimensions in the table are given in inches, 
except where otherwise is made known. 



Ktd,iMai 

„ moulded not !m Una 

„ tralo* the nbbat not Uea thta 

„ icarb, Img . . . feo 
LipB of Harfa, thick 
Bnmber of bolti ia saoh gcsrf . 
DinoeterofboltBinthemiddleDficuf . 
„ „ inthelipa. 



« cdgi! oftherab 
Dug. . . J 

a and knight-lit 



Bided .18 knigbt-heada. 



iatbemjddle.ilT .1 



.|l3i|12i ll I 9| 8i| 71 « 
I 101 Bi 8J 7J 61 J 
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Toptimbera eiied . 
iVama.monldBdatouttingiion'n i 
i the middle! 



at tlis upper- 1 iruoi 
deck t U 

at the aheentiskt 



„ bolUbelowtlievn 



/iim diaganalt oc riden . 

. . . U 

J t floerheada and fiil/ocl- S . 

head! . . . .I""-' 
OrfiiP or lOKw daiapi . 
PoMtalmg . . . . 
fibob and en(lrii«. Iron, bi-eadl 

Kmnber of bolEe in cscIa . 
biameter of bolts 
^^ffiteu. Orlop Brhmrdecl; u 



bolts til rouijh'tliip' 
Main-dKlt. ' . H 
„ breadtli at u 
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topper deck, up and donu 
„ „ breadth . 
„ „ acirh, loDg, at leut, ft. 
£timi, Pocji imaForfSD3(((,upaiiddoBn 



Upper-deck . . f 
Poop and ForecsatlBl .. 
fer-dtck, breadth .;H 



„ Upper cleck, bteadth 

„ to bo cut down overbemnai 

rud^pHuil ForccnBtle.bdth.; 

SpiA'tltliiff. Maiii.deck .'tiiloij 
,f Upper-deck . , ^ i 

drliiijfi. Lomr deck ■ equarc 
„ H«n-deck, up aud donn 
n Httheahip'a &ide,l 



15 !lSJ 12 10 
Ul,li 13 
104! Bil B ■ 
n; B i 81' 
101 101 10 ! n 

~ - ' 7 I at 

n 61 



10(104 

2i[ Si 



I! c; 6 5 

1 3 I (jj 5i 



hitcbes 



,f MaBt-partD< 
„ „ upenddowu 

Dpper-dtck, up and down . 
„ a<>tliealiVaBlde,bdtb. 



13 iI03| 9i Si 7 EJi 

.13 H.ilSJll}! 9 74- 

1C4 i5i J3J 12 io,| Si: 

'.24IU. SI 7i 64' 



Digitized by GoOgle 



80 PKACTICAl CONaTRUCTIOK OF SHIPS. 



tiDulilea Bnmdlli in Feet. 

! 50 i3 I io\s5 30 25 '20 'i 



4 I 3S 3J 



athwai-tebips 18 
and down . 6 
. brendtii 31 
dininotei ^ 



21 1194 ITi li 
17 iIB 



bolts 

r$ md headleilsei, main-deck. I 
huighb aboTs deck ( 
„ „ . tbickneee 

„ uppardeolc, j 

heisht above deok 



PtBammderici 
dwk beami 

SiKa,itfir<m, It 



landaftilOl »i: Si 7i I 

breadtbl 41 4 , af 3t 

t tbroat 33 5{ 3i 2J ' 

.ho ends 1 Jl - ' 



I 2} 21 S 

It, 
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M,lnam^eck,att1iu 
length on th« benn 

tbsotberbolt* . 



„ Imgth on the beam, leet: 
H boltBob the thrmt. duurul 
„ tha otbm bolts . - I 
P^)rt^iU, upper, main-deck, up and downi 



PlaBk ef hotlim, oak . 

„ fip . , . 

jlfoiiHeafa . , . . . 

„ ... at the 

SAe<M«nifa .... 

'\ thick at Che s 
Fore and main ( - . oi 

boiti tbroogh the riup*! ■ino. 
HiHB . . thiok at the a 



Sitdda; bteadUi a 



IVa«',o/m", length at 



cquanatrarirlnr-linn.JI fill 41 4AI 41. :ti. 311 '. 
breadth at the fOTS end! 3l[ Sjl 8 I 2111 2k\ lill 1 
. np and downj W iU 3 | 1J| li\ ] 
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When two pieces of timber are to be bolted together, 
the tliainetcr of the bolts may generally be -ri of the 
thickness of the timber, and this diameter is to he 
increased fay tV of an inch for every timber the bolt 
has to go through more tban two. 

When the length of the tiller is li, the diameter of 
the cylinder of tiie steering vheel is O'lSS l ; but from 
this diameter must be taken one diameter of the rope, 
or a spiral be cut out for the rope. The length of the 
cylinder of the wheel is eleven times the diameter of 
the rope. It must be possible to turn the rudder 32 to 
iin degrees to each side. Diameter of steering wheel 
from ^ to y of the breadth of the ship. 

When the thickness of the keel will allow it, the 
keel may be tapered to both ends, so that it is sided in 
tlie fore-end at the forefoot 44? ^nd in the after.-end at 
the stern-posts f of the aiding in the middle. The 
stern-post at tlie height of the rudder-hole, and the 
stem !it tlie height of the main-wales are then sided the 
same as the keel in tlie middle ; but the top of the 
stem may be i more if the limboi' will allow it. 

The stem may be joined to the keel in the same 
manner as the stern-post, ivliich is as strong as with a 
forefoot, !ind tliis will especially be profitable in large 
ships, for which a good forefoot may be difficult to 
procure. On the drawings Plate III. and IV. the 
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stem is supposed to be joined to the keel in iLis 
manner. 

§ 2. Difmi:ta-i of M.uU and Si>ar&. 

The main diiimttcr is ; for lower iiinsts at tlie upper 
deck, for Losvsprit iit the stem, for topmasts at tLe lower 
cap, for top gall ant masts nt tlie topmast cap, for the 
jibbooin i\t the bowsprit cap, for nil j'nrds in the 
middle, for f^affs iit Ilia iiiiiL r end and for spanker and 
main-booms at tlio tidVniil. 

Tlie main tliamctcv is ealculatcd as follows 

Main and Forcmmtn made of pieces, one inch in 
diameter for every :J to 3^- fuet of the whole length. 

Mizcnmuil, T- of the diameter of the mainmast. 

.l/(is(s made of oise ])iei.'e, one inch in diameter for 
cvciy 3^ to Ll} il-et of tlio whole length. 

L'iiiu>:}irit, up and down ci|ual to the mainmast, and 
athwartships equal to the foremast. 

above the topgallantmaat. When topgallantmast and 
royal are made in one - piece, the main diameter is 
one inch for every a| feet of the length from the 

fidliolo to tlio stops, 

Jihhoom, one inch in diiL',iu-tcr for every two feet of 
tho length oiit-ldr the huv,^Ilut cap. 

Main and Fore lower yards, one inch in diameter 
for every four feet of the whole length. 
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ToptaU-yardg, f ioch in diameter for every four feet 
of the wliole length. 

Cros^ack-yard, and all topgallant and royal-yardt, 
one inch in diameter for every 5 feet of the whole 
length. 

Spanker and main-boom, one inch in diameter for 
every 3i feet of the whole length. 

Gaffs, one inch in diameter for every 8i to 4 feet of 
the whole lengtJi. 

Studding aail-hooms, one inch in diameter for every 
i\ feet of the whole length. 

Studdinr/gail-yards, cue inch in dinmeter for every 
Ik feet of the whole lengtli. 

Proportion of the diameter of the head, foot and 
yaidrarniB to the main diameter. 

Held. FoM. 
Uain and foremaat . . . j . J 



Bowfrrit f . li 

Tapgnllnatambt cad royal ia oub piecs J . 1 at the topmast cup. 
Jibboom . . - . . . , | . 1 at the bowapiit sap. 

Lower yardi, niUi shives } 

M n without iMvee . | 

TopaiU-yBrfs . . j 

TopgnUaut and raytJ-yarda . g 

Spankw or mMa-booBt J *t tlie onter and. 

„ „ 1 at the iaasc and. 

Gaff J St the outer end. 

StnddiDgeail-booma ^ „ 



The tops are made so broad that the topmaet 
shroads, if lengthened down, would meet the side of the 
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ship ftt the channels. Foro and aft the tups arc J of 
their breadth. By this the length of the cross-pieces 
and tresseltrees is determined. 

Depth of the tresseltrees Uin. far every foot of their 
length, and the breadth equal to half tlic depth. 
Distance between the lower tresseltrees ^ of the main 
diameter of the lower mast. 

Breadth of cross-pieces f of the depth of the tressel- 
trees, and the depth equal to the lialf of the breadth. 
To this depth is added 1 to IJ- inch for the cnttmg 
down into tlie tresseltrees. 

On the topmast is : 

The thiekness of the lower end of the topmast 
athwaitships eijual to the distance between the lower 
tresseltrees. 

Fidhole : height f of the main diameter of the top- 
mast, and widlli -fV of the same diameter. 

Depth of the topmast tresseltrees, one inch forerery 
'^i feet of the length of the topf^Hllantmast from the 
fidhole to the stops. The thickness of topmast 
tresseltrees of their depth. 

Cross-pieces square J of the depth of tlie tressel- 
trees. Breadth of outer ends |, and thickness up and 
down of the ends i of the thickness in the middle. 

Length of caps. If times the main diameter of the 
mast to which it belongs. The breadth of the cap 
equal to i of its length, and the depth equal to J of its 
breadth. Breadth of the iron ring round tiie cap J of 
the depth of the cap, and thickness of the iron ring ^ 
of its breadth. 
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The livcls, ^vllCJ■c tlie scum is to be water- tiglit, avo 
not to Tie nearer to the edges of the plates tlian a space 
erjua.! to the tlianieter of tlie rivets, and not farther 
from centre to centre than foiu- timrs their diameter 
nor less tlian three times tlieir dimnrtor. 

llivets througli tlie ijlating and frames, and tlirougli 
tlie angle-irona on the beams, and generally where not 
water-tightness is required between the pieces joined 
together, may be placed so far from eacli other as eight 
times their diameter from centre to centre. . 

Tlie overlapping of tlie plates, where double riveting 
is used, ought uot to be less in breadth Uian five times 
the diameter of the rivets ; and wlicre single riveting is 
used, iiot less than three times the diameter of the 

Distance between the frames 15 to 18 inches, and in 
river steamboats, 20 to 3i inches. Generally in such 
steamers, the distance between the frames is greater 
towards the extremities of the vessel than in tlie 
middle ; say, in the engins-room, 15 to 18 inches^ and 
fore and SO to S4 inches. 
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At pagfi 3d it ik anid tliat probably the most advan- 
tageous sharpness of the after-body will be acquired by 
placing the midship section about twice the main 
breadth before the after-end of the construction water- 
line, and this supposition is founded on experience 
from several fast-sailiog ships and smaller craft. Still, 
in making the investigations leading to this snpposition 
it was found that in some vessels, considered very good 
and fast, the midship section or greatest transverse 
section was placed faither aft, and in others, also con- 
sidered very fast, farther forward than twice the main 
breadth from the after-end of the construction water- 
line. This led to the ides, by a sort of theoretical 
investigation, to find at what distance from the after- 
end the greatest transverse section onght to be placed 
to ensnre the least resistance or cohesion of the water 
to the after-body of a ship. 

By experimenia made in Sweden, by the celebrated 
naval constractor, Admiral Chapman, with models of r 
tolerably large size, it was found that a minimum of 
cohesion of the water to the aftei-body was obtained 
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when, both sides of the after-end of tlie model made an 
angle vith each other of S6° 34' or m aogle with, the 
middle line of 13° 17'. 



13" 17',jf/i8 = 



TS ag, Fig. 1, is the middle line, and the an^e g = 
fi ^ fi_ 
"tang. 18° 17' 0S86'. , 
It a die the greatest tnmsrerBe section, there mast 
be a rounding or a cnrTed Une e i from this Beotioa to 
where the straight line be^ns, and the stnu^t Une 
p d most be a tangent to this cnrred line in the point i ; 
e i may be a parabola tclth its apes in e, and whose 
eqaation is y'=psi:, and then, when i k is parallel to (tjr, 

we have ke = ~. The angle kidis = the angle g 

= 13° 17' and therefore kd = 0-336 ki,~~ he = 

O'llS ki; a/ may be propordonal to ae,Bay af =q x 
a e. and, when /i is parallel toad, a fie ^ &i and/i 
= ak; ah is = ae — k e = ae~ 0"118 ki = at — 



0-U8 a X a e = a Ml - 0-118 2) =/i ! Sn = = 
4-2878/i =i-3873 (1-0-118 q)ae= (4-8878 -4-3878 
X 0-118 j) ae = (4-3378 -0-63)0 e. 
«/ «' - Off - S X » < + (J-SSTS - 0« ^ a < = Of (O-B e + 4-3373). 
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AfrU tlie distslloe from the Rccmtest tnnSTtHta Baetion or Uie tuicUhlp 
BectioQ lo tba after-ead of tho load woterline, imd 

ifgls = 2-3D,nffia = 5'3623aa 



It seems very reasonable to suppose thiit, when a 
slop sails, tlio ivater has a gi'eat tendency to follow the 
shortest possible lines along the bottom of the ship, 
^nd. these lines will be the lines drawn in the hodj 
plan on the ship's drawing, generally called diagonals ; 
if these are drawn perpendicular, or nearly so, to mast 
part of the frames. If the above-named expenmeDta 
on tlie cohesion of the irater to the after-body are 
correct, these diagonals ought consequently to make fin 
angle with tlieir respective midship lines as nearly as 
possible equal to I'd" 17', but every one familiar with 
shipbuilding will instantly see that it is not practicable 
that every one of them in every place can have this 
constant inclination to their midship lines ; therefore 
the oonstractor oulj- can endeavour so to construct the 
after-body, that as great a part aa possible of it may 
partake of this form. By tiie parabolical system of 
construction all tiie diagonals will necessarily he cnrred 
lines, and eonaei^neiitiy a small part only Af each 
diagonal nill have exactly the inclination towards its 
midship line that is fomid by the experiments to ^ve 
the least cohedon ; but as the some eiq>eriment£ show 
that a small deviation from this inclination not mate- 
rially affects &e cohesion, the after-body may still b« 
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ML extreiiwly QoqA one, jiltliougli perhaps not the veiy 
best one, if only the place of the midsliip section, in 
regard to the after-end of the ship, ia so fixed tliat the 
diagonals for medium have the ahove-named inclination 
towards their respective nuddle Hues. 

To effect this, let us sup- Fm. 
pose that the midship section "k^ 
bee. Fig. 3, is a parabola 
with its apex in the load 
water-line a b, vMcix in some 
ships is the case, and in a 
great number of ships very * 
nearly so. Let the exponent of this parabola be = ii, 

a b, Fig. 2, the half-breadth = |-, a c the depth from 

the load water-line to the rabbai on the keel = d, the 

area of the midship section = 0 = m b (!, then ~ 

m d, and call md = h. If d is = m' s we have h = 
mm' B. Draw fi^ partdlel to ac, put bg = h, draw ge 
parallel ta ab, and e/ parallel to ae; then/e is =:% 
and the diagonal a e drawn from e to the point ci in the 
water-line, where it intersects the vei-tical midship line 
a e, may he considered to be the diagonal, that in most 
part of its length from the midship section to the after* 
end of the load water-line sliall have the inclination of 
13° 17'_ towards the middle line of the same water-line. 
■ In fact a c in the body plan is the sarae length as a e in 
Fig. l.,.that represents the plan of this diagonal for the 
after-body. 
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As bee is a parabola we have ac'=p x ali,p being 
the parameter of the parabola, tbctt is d"=~ , dis = 

m's, therefore d" = m'"B" =^> aiic! « = ^ ™ - ■ , 
3 ri 

ft = mm's, k' = m,°m'"B' and— " 

p 2m "B" g 

In Uie parabola bee we have/e"=y x /6, that is fe"= 
J) x/6 and ^ which ie=^!^ =fb,af=ah—fb= 

B m''B_B 

The distance from the midship section to the after- 
end of the load water-line is according to the foregoing, 
Fig. 1, =.aff = ae (O'Gj + 4'S3T3} and if the valne 

of <x e is put in, we have ag = (0'6q+ 4-2378) x - 

V(l-m")'+4m'™". 

The avofL of llic inirMiip ■^rction U ■= ^- d, but 

it IS also — nil! d, tiiercfoie _^ ^— m,iihAn— ^ 
If this is to be applied to the frigate, whose elements 
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of oonBtructioQ ate calculated at page 47, we have m = 

0- 8, m'=0'4, and n = = 

The distance from the after-end of the load water- 
line to the gceateet tranaverae section, or to the after- 
end of the parallel piece, is then found, trheirti is = 

1- 7S, to be 2-226 b = lOO S feet ; 

When 9 h 1-6, to be ... 2171 b - 9818 fist; 
'WbeugUl'Ss, „ ...a-llTB'^gjS-Tafest; 
meagiil-O, „ ... 2-0S3 B = 9320 faet. 
Ou the dCBUglit tliis distanee la = 9S'73 fest 

111 order to see how this theoi7 agi-ees with practice, 
tlie length of tlic diagonal n c in the body plan is found 
on the drawings f.jr some vessels considered to Siiil 
uncommonly ivi'l!, ^lul then tliR distance from the after- 
most perpendicular to t)ie greatest transverse section 
is found in proportion to a e. These vessels have been 
the following, and the above-named distance found as 
put down for each vessel : — 



EngllBh Frigate PbaSaa, aouBtraated Mr, 'WMte, Cnirea . E'l ac 
Swedish do. Bf^rie, conitmcted bj Capt. Carlmnd, naral 

conatruotor iu the Swediah TSkT} 6'1 a« 

Nornqjan do. ZlaKltriii, ooDatiDoled by the Author . . I'S nc 

English do. Zn«Hu(ant, comrtruofed b; Adminl Haya . 6'0a< 
Norwepao ComiNord^emcn (The Sortli Star), conBtniDt«d 

bj the Author . . S-Sae 

French Brig L'^piigle S'l a e 

Ametioan Sohoouer, theyaohti JneHnt iilae 

Itonregiao1]0>ti9roi«i<tba3wallon},thebreuitliOBly IsTeot S O ae 

Uedium . . . fi'Ol ae 



This seems to be a very i-emarkable coincidence 
between what may be called theory and practice. It 
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confii'ms the ficciiracy antl correctness of the experi- 
ments made by Admiral Chapman, and gives a rational 
cause for the experience gained after the introduction 
of steam-power : that in long and narrow vessels the 
greatest breadth and transverse section shall be abaft 
the middle of the length, nobody doubting that the 
sharper the fore-body conveniently can be made the- 
less will be its resistance to the water. 
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PUBLISHED B7 MR. WEALS. 



In I Tohone, ito. {«xt, kod BlD^atlag rOLLo To1am« oF platn, balf-boimd, 

THE ELEMENTS AND PEAOTIOE OF NAYAL 

ABCHITBCTITEB ; or, a TnHATiBB OS Ship Bini.Diifa, thooreticsl 
and ptadioAl, fat the hatt prindplea established m Great Britain ; irith 
eopiom Tables of DlroeDHOna, asatlings, Sia. The third eiliKon, with 
m Appendijt, contdning tha pnnoiples and pmctlco of cDDstrncting 
llie Eojal and Ueimntile Nano^, as invented and iotrodneed b; Sir 
HoBKBT EsppiHas, Snireyor of the Navy. By John Knowies, F.it.S. 
Ulnstrated with a Keriea of Inrgc Drjiijhta and iminemiia smaller 
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